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I en ÇeÀej-de 
Het tu-e/i Ьелс/іле еп оппел^оеА vond ^ψι ооілрлопд. ui de шепл 
van DA.. Van Нелр, daoAjji g.e¿teund dooi P/iof.. Denucé-, om. nu voo/i een¿ en 
attica de ¿tepende kwe^itte van het ел еАЛллдл иаиЪелепАе hanmoon op te 
to-i-ien. Het iruddet, bi¿, Lujtítek g.e-icJuAt tu-e/ivooi, wa^/j^i de зш- елллд. van 
het actjueve •itof^.e. V/ujioeJ. onbekend met de ùxdocnxnotoç^e van de Schaat-
dbLenen heb iA dee taak op ne ¡genomen jjidejityd, hoewet de еелліе ілХела-
tuwioitde/i¿oeken een щ uiyeuuAkeJA maan. νοοιαλ onbeken, beetd ¿chebiten 
m. b. t. de doetwitoAganen en ^etfyi het bestaan van het hotmoon. un (Lut tant-*. 
•ite aspect -Legt ook de оол^рлопд. van de tweedetuig. van dut paoelLóc/vu-ft. 
Ûoo/ι de heeAAende оп^екелКелЛ t. a. v, de ледиІелепЛе fLactoi ui het ve/Vr 
еАЛллдлрлосел іл, ató een -ioont vangnet, de ystudee паал het реріміелд. 
уіуліеет ÀJI de opte^cke gangtt-a іел hand genomen. 
By. het tea реме gaan van de lesìuÀtaten van deje ¿еел елАсКсі-
tende benadeAJjigjwtfêen van de Ctuàtaceeën CndocunotogÀ-e, ΛΛ het іщ een 
длооі genoegen een aantaJ. menden met name te bedanken оол. hun betaonde 
лліелелле лл en beJUiokkenheud by. het ошіел^оек: 
Han4 van D/UMJ., Qean щеп, Theo Co/iget¿, Геллу. Hendnjuit, 
fiob КеиАелл, НииЪ Миулел, ftanjjke van Oo/itenwyk, МалАшм 'ìi.uiand, Qo-i van 
den. Stappen, F/icuvi Vek en feten. U/jJ^Lemj hebben ui hun •itag.e pentode weg.en-
•Lyk aan het wenk bygednagen, 
КалеА $аплеп, Топу, Соепеп, en Çuwi Соу аеліл jo/igden оол. ge-Lí, 
соирел van wat dan ook, en voon. de «¿седел hoewet ¿.e daa/i ejjgentjyk beten, mee 
kon лллеп, 
Atte medeuienhen^i van de AfdeLuig ZootogA-e ΰ voon. hun ben.exd-
шіЛАл.ді\.елА en, toten we jegg.en, open шелА4£.еел, 
Veten BetLuik en Can van СеЫел vonden een ptek^e ¿η de ka*, 
godât de kweek van kneefLtfesi, en daanm.ee HoofcUtuk 003 en OV van Deet 0, 
geaeattsieeAd konden wonden, 
Meneen. fouwe-Lí haatde паал ¿chattuig 20.000 km oog^teett^.eA, 
Qohn Netc-i-ten iKeó-iet, ІитЬилд) лпд de kneefjten en haatde ол-а 
daanmee out een tasiÍLg. panket (waanby de genookte pating. mooj. meegenomen 
шал), 
Meneen Oí.cke maakte de betnef-jLende studenten met het etec-
tnonen пи.слолсоор bekend, elke keen шеел, 
feten Слиулеп voon gyn neet abtötende gong en by¿tand шаал het 
de HfLC ¿спелхилдеп betnefjt, 
VI 
De afdeJjjig.en FotogAafXe en ОІ1іыілаЛл.е ven-gaigden. ¿tipt en vakkuntLcg. de 
LUjte^ndeJjjÂe afdrukken, en en een deeJ. van. de tekeningen, 
De afdeJung. Wavne Keuken van het KLM CateAvig. Bedtjj.f. way) опл 
•iteedi ^еел ten uuJÁe, daa/maatt ^ψι wy. %еел enhentelyh ф.ед.еп4 de íejjíung. 
van de Catejung. dee het опл mog.eJjjÀ maakte van de^e g.eJ.eg.enhejjd tot het 
veAjameAen van oogsiteÁen gebiiuk te maken, 
V/iofL. H. Воел en D/i. feten. Schot ¡φτ паиш be&iokken geweekt by. 
het tot /¡tand komen van de urmunocytochenuAche •neàultaten лл. de oog^teeJ.. 
Ook /u.e/i heefjt him. benadejung van zenuivysteMteLi ^ψι geAcLughexd en waande 
bemeten, 
De medewMkeroi van. de afdeMuvg Di.eA.fj¿¿i.ologMe AteÀden. hun ap-
panatuiui, ín het Ьу^опаел de HfLC ten. be^cluhkuig, 
We але дла£е£и1 to fnofi. Ramen. КеЛАел and Dn., fetén. Jana-i, 
who anatyged the HfLC ріасЛихіпА m the СНИ-ЮА and MÜH Ь^люл^ау., 
Dn. Ç. ChasimantLeA and Dn. M. ChnnmantLen-DauneA сілеш оил 
attention to and eventuaLLy. tested the HfLC £лааЫ.оп4 ζοη theuji o^manegu-
iatony an.pacjJn.e4, thereby adding to the duve/i^ity of. actLv±¿Lej tested, 
favtLculanZy to the тетЬелл of. the LabonatoJ-ne SexuaLuté et 
Repnoduc-tion de* Jnveatébnési (ftme te fnof. H. СНалпллих-Соііоп, Dn. Ç. 
Payen) fnom the UnLvensUjté Prenne et Мапл-е Cwu-e 0 owe much. They offened 
ha^pÀjbaÀxJty vi the. poAt and conAented in my ¿tay at the. labonatony the yean. 
to came, 
OanLet and foceZyne, оил contact Ьеллд inutuzti-^ed by the 
common intenejt in moutt inhibiti.on, which neAutted in the entuie font UO, 
O'm happy, to note that Jjt длеш beyond , and bnought many an. адлееаЬІе /шил, 
hene and in РОЛІА, 
Zeen pte^enjjge contacten ^ψι ontAtaan met hnançoiA en. I ineke, 
en. Janxne en Нал. 2екел in de iaatAte foAen van. het pnoefAclvu-ft gyn. die 
^еел intenAi.ef en tangdu/LLg getueeAt. uk hoop dat ¿uLU-e i.etA van de geApen-
deende tyd en mo&ite tenugvinden, 
Tot ¿Àot wiJ. ih туп. famJu-e bedanken voon de -óteun en beXang-
-iteJJung en de diAcuA-n-eA о ел hoe dat nou gut met dee i.vonen tonen. Myn. 
Oom Theo toonde gich een uxAtekend een^tepmn^ Ьі.оі.одл.е by het опіі елр van 
het omótag. Aan WJJJ., due aJJ.eA van ¿еел dechtby heeft meegemaakt, en ook 
mee gemaakt, gou ih wiUÀen gegjgen, weÀMccht ten genuAtAteÀÀÀjig dat een. 
pnoefAcfvLift теел dan genoeg ІА. Dat het ел ап gekomen ІА, ІА met. in de 
taatAte ptaatA фоииі vendU-enAte, 
Qan ЕПІЛ van Oeynen 
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STRUCTURAL AND BIOCHEMICAL INVESTIGATIONS 
INTO THE NEUROENDOCRINE SYSTEM OF THE 
OPTIC GANGLIA OF DECAPOD CRUSTACEA 

GENERAL INTRODUCTION 
For all living organisms there is the necessity 
for perception of and adequate reaction to stimuli coming 
from the "milieu externe". This reaction may be of short, 
medium, or long duration. All responses have in common that 
they require communication between organs to achieve 
regulation of the "milieu interne". In addition to this 
adaptational aspect of homoiostasis, it is necessary for an 
organism to regulate a number of basic physiological 
processes to maintain itself as one, harmoniously 
functioning entity. 
In most of the metazoan animals, two systems are 
traditionally known to exert internal regulation: the 
nervous system, and the endocrine system. The nervous 
system is particularly well suited for rapid communication 
and the mediation of short term effects. The functional 
cells in information transfer, the neurons, posess two 
types of processes: the dendrite receives information 
directly from the sense organs, or from other neurons, that 
is then translated into a membrane depolarization, the 
action potential, and passed on to the axon, which is the 
second type of neuronal process. The axon ends directly on 
its follower, or effector cell with a specialized 
structure: the synaps. Here the action potential evokes the 
release of a chemical messenger, the neurotransmitter, at 
the presynaptic side. Neurotransmitter substances are small 
molecules of different chemical classes. At the 
postsynaptic side the neurotransmitter binds to receptors 
that in turn interact with specific ion channels. This 
results in stimulation or inhibition of the effector cell. 
The endocrine system consists of epithelial 
cells, which are either organized in endocrine glands, or 
occur as isolated cells in nonendocrine organs (the diffuse 
endocrine system). The products, the hormones, from the 
endocrine tissues may be divided into three categories of 
compounds; peptides and their derivatives, steroids, and 
other substances. After secretion into the circulation 
system hormones are transported throughout the organism and 
only bind to the organs or cells that possess the highly 
specific receptors; the target organ. The binding of the 
hormone to its receptor is the first step in a cascade of 
events that eventually leads to the apparent physiological 
response. The involvement of the internal circulation 
system implies that the endocrine regulation is relatively 
slow, when compared to the nervous stimulus processing. 
However, endocrine effects are of medium or long duration. 
The most important difference between the neuronal and the 
endocrine system is the spatial distribution of inductor 
and effector sites which characterizes endocrine 
regulation. 
The intermediary between the nervous and 
endocrine regulatory system was found early this century in 
the neuroendocrine cells. In 1928, E. Scharrer (cited in B. 
Scharrer 1983) described neurons in the central nervous 
system, with processes that were not ending onto an 
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effector cell but close to or in the circulatory system. 
These neurons are now known to synthesize and secrete 
material of a proteinaceous nature, and with an endocrine 
function, into the body fluid. Since these cells combine 
neuronal and endocrine functions they are named the 
neuroendocrine cells. 
Neuroendocrine cell systems occur widespread in 
the animal kingdom. Their study revealed that neurology and 
endocrinology were two closely related fields. This 
especially holds for the peptide hormone producing part of 
the system, and this not only when the regulatory 
interactions are concerned, but also when the embryological 
origin and development of these cells is taken into 
account. Based on these insights, Pearse (1966) formulated 
the APUD (Amine Precursor Uptake and Decarboxylation) cell 
concept. In this concept the diffuse endocrine system was 
unified with the neuroendocrine system through their shared 
neuroectodermal origin. Strictly aplied, the 
neuroectodermal origin holds only for a number of APUD cell 
types, but, more generally speaking, it is clear that the 
larger parts of the diffuse endocrine system are to be 
regarded as of neuroectodermal origin (Pearse 1979). 
In the last ten years numerous studies have 
shown that biologically active peptides, originating from 
the peptidergic endocrine system, have a more general 
occurrence than was previously expected on the basis of 
physiological specificity. This pertains to the 
distribution of biologically active peptides within one 
organism as well as to the distribution over the taxa. The 
first indicative immunocytochemical studies prompted 
biochemical studies which resulted in the identification of 
peptide hormones in the nervous system of invertebrates 
that were regarded as typical for vertebrates. Also, the 
reverse has been found. Even the Protista and the Bacteria 
may be included in this enumeration, although the concept 
of (neuro-) endocrinology is no longer applicable to these 
unicellular organisms. 
Following the recognition of the ubiquitous 
presence of many regulatory peptides, the role of these 
substances in the neuronal functioning was established. It 
appeared that peptides, that are known to have a hormonal 
function, can also act as neurotransmitters, even within 
the same species. Far more important, however, is the 
recognition of peptides as neuromodulators. When effective 
as neuromodulator, neuropeptides induce long lasting 
changes in the kinetics of specific ionchannels in the 
postsynaptic element. This, in turn, modifies the 
actionpotential of the postsynaptic neuron after 
stimulation. The implications of this aspect of regulation 
are far-reaching, since they may make it possible to 
describe the functional plasticity of the brain as a 
selfmodulating system. 
Thus, it is obvious that the borderlines between 
neuronal and endocrinological areas are vague. Indeed, they 
are even more obscured by findings that show the colocation 
of a neurotransmitter and peptidergic products in one 
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axonterminal, thereby not only challenging Dale's law (one 
neuron produces and releases only one product) but also 
indicating multiple functionality of a neuron. 
The here described neuronal and 
neuroendocrinological processes are reflected in 
characteristic ultrastructural arrangements and the 
intracellular organization of the respective cell types. 
The ultrastructural characteristics are used in Part I of 
this thesis for a reevalution of the structure of the 
central nervous system of decapod Crustacea, in particular 
that of the optic ganglia of the crayfish Astacus 
leptodactylus (Nordmann 1Θ42). In the five chapters of Part 
I, several aspects of structure and ultrastructure of the 
supraoesophageal, or cerebral, ganglia, and the optic 
ganglia are under discussion. Special attention is paid to 
peptidergic neurons in the optic ganglia. In Chapter I the 
outlines and general morphology of the optic and cerebral 
ganglia are described by means of the reconstruction of 
these organs, based on lightmicroscopical observations. For 
the optic ganglia this results in a well defined holotype, 
that is paricularly useful for the understanding of the 
neuroendocrine system. In the supraoesophageal ganglia 
three hitherto unknown cell groups are described. 
In Chapter II the results are presented of an 
immunocytochemical study with a number of antisera raised 
against vertebrate and invertebrate neuro- and 
gastrointestinal peptides applied to the optic and cerebral 
ganglia. It is demonstrated that the peptidergic system is 
most prominent in the optic ganglia and more extensive than 
formerly recognized. In addition to the immunoreactivity 
that occurs in the classically described neuroendorine 
system, immunoreactivity is also found outside this region. 
The morphology of the areas indicates an important role for 
peptidergic neurotransmission and/or neuromodulation in the 
optic ganglia. 
The description of the ultrastructure of the 
optic ganglia, based on serial sections, is presented in 
Chapter III. This approach leads to a more detailed 
knowledge of all four optic ganglia and the neurons 
associated with these ganglia. The principal motive for 
this study is to see whether the immunoreactivity is caused 
by the presence of peptidergic neurons. An until now 
undescribed neurosecretory field is found in the lamina 
ganglionaris. 
A direct correlation between immunoreactivity and 
ultrastructure is made in Chapter IV. The use of 
alternating ultrathin and semithin serial sections 
demonstrates that the neurons with an ultrastructure that 
indicates a peptidergic character (Chapter III) indeed show 
immunoreactivity. The implications of this finding for the 
functioning of the optic ganglia are discussed. 
In Chapter V, the compartmentalization of the 
intraganglionic vascular system is assessed by Indian ink 
perfusion. The degree of compartmentalization may indicate 
the functional status, endocrine or paracrine, of the 
secretory field in the lamina ganglionaris. The results 
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indicate a paracrine function for this peptidergic 
secretory area, although an endocrine function cannot be 
excluded. Surprisingly, the vascular system of the optic 
ganglia shows an arrangement that may be interpreted as 
analogous to the vertebrate pituitary portal system of the 
eminentia mediana. 
Some physiological and biochemical aspects of the 
neuroendocrine functioning of the optic ganglia are exposed 
in the three chapters constituting Part II of this thesis. 
Chapter I describes and evaluates bioassays for 
five neurohormones from the sinus gland of' Homarus 
americanusi the moult inhibiting hormone, the red pigment 
concentrating hormone, the melanophore dispersing hormone, 
the crustacean hyperglycemic hormone and the gonad 
inhibiting hormone. Two of these bioassays, the one for the 
moult inhibiting hormone and the one for the gonad 
inhibiting hormone, are newly developed. 
In Chapter II the simultaneous separation by high 
performance liquid chromatography of the mentioned 
bioactivities is described. The products are preliminarily 
characterized by thin layer chromatography and gel 
electrophoresis. It is concluded that the moult inhibiting 
hormone and the gonad inhibiting hormone are two distinct 
factors. Also the melanophore dispersing hormone and the 
crustacean hyperglycemic hormone are fully separated. The 
crustacean hyperglycemic hormone shows a molecular 
heterogeneity; several forms are found in the sinus 
gland extract. There are two factors present displaying 
gonad inhibiting bioactivity, the larger one may be the 
precursor for the smaller one. 
In Chapter III a two step purification procedure 
is described for two hyperglycemic factors and for the 
gonad inhibiting hormone. The isolated products are 
characterized by gelelectrophoresis. The remaining 






STRUCTURAL AND FUNCTIONAL STUDY OF 
PEPTIDERGIC NEURONS IN THE CENTRAL 
NERVOUS SYSTEM OF dstacus leptodactylus 
(Nordmann 1842) WITH SPECIAL REFERENCE TO 
THE OPTIC GANGLIA. 

INTRODUCTION 
The neuroendocrine system of Crustacea is complex 
and elements of this system are found throughout the central 
nervous system. Neurons with an endocrine or putative 
endocrine function occur in all ganglia. Three regions show 
a remarkable clustering of endocrine functions. These are 
the optic ganglia which contain the X organ-sinus gland 
complex, the neurohaemal pericardial organ, that receives 
fibres from centrally and peripherally located somata, and 
the post commissural organs. The neurons that have their 
neurohaemal endings in the post commissural organs are 
thought to be located in the cerebral ganglia. Of these 
three systems, the X organ-sinus gland system and the 
pericardial complex have received most attention and are the 
best known (review: Cooke and Sullivan 1982).The X organ-
sinus gland system is the most important neuroendocrine 
centre in Crustacea. The endocrine regulation of all or 
nearly all basic physiological processes studied so far has 
been traced back to this system (Kleinholz and Keller 1979; 
Cooke and Sullivan 1982; Bliss and Mantel 1985). 
The anatomy of the central nervous system of a 
number of crustacean groups has been described during the 
last decades of the nineteenth century (review: Bullock and 
Horridge 1965; Gabe 1966). Hanström(1924, 1931) has 
continued these studies and extended them to what is known 
now as the neuroendocrine system. The earliest reference to 
neuroendocrine structures in Crustacea has been the report 
of Bellonci (1882), who described a nervous structure in the 
optic ganlia of Squilla mantis with unknown function, hence 
the denotation "X organ". 
Although Hanström (1931) expected this organ to 
be of incretory nature, first evidence for an endocrine 
function of the optic ganglia has been published by 
Hanström and Kleinholz (1934, cited in Hanström 
1937).From this time on, most attention has been directed 
towards the neuroendocrine system of the eyestalk. This has 
led to a number of publications in the fifties in which the 
neuroendocrine cell groups, tracts, and neurohaemal organ 
have been described (Enami 1951; Bliss and Welsh 1952; Bliss 
et al. 1954; Durand 1956; Matsumoto 1958 а.о.; reviews: 
Bullock and Horridge 1965; Cooke and Sullivan 1982). 
The basic idea that evolved was that the sinus 
gland acts as the neurohaemal organ for a number of 
different endocrine neurons. These are primarily found in 
the second, third, and fourth optic ganglia; the medulla 
externa, the medullla interna, and the medulla terminalis 
respectively. Also, connections with the cerebral ganglia 
and the sinus gland have been described. Andrew and 
Saleuddin (1978), Andrew et al. (1978), and Jaros (1978) 
have confirmed and refined the description of the axonal 
pathways to the sinus gland by retrograde cobalt 
iontophoresis. By use of this technique, Jaros (1978) has 
shown that there are also axonal connections between the 
sinus gland and the first optic ganglion; the lamina 
ganglionaris. 
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In addition to these studies of the neuroendocrine 
system, classical silver impregnation studies revealed the 
neuronal pathways in optic and cerebral ganglia (Seabrook 
and Nesbitt 1966; reviews: Bullock and Horridge 1965, 
Sandeman 1982). Also, ontogenetic studies added to the 
understanding of neuronal pathways (Sandeman 1982), while 
electrophysiological studies contributed considerably to the 
knowledge of the functional aspects of the nervous system 
(Sandeman and Atwood 1982). 
The ultrastructure of the optic ganglia has been 
described by Shivers (1967) in a survey of selected areas 
from the four optic lobes. Besides, special attention has 
been paid to the optic apparatus, the ommatidia, and the 
lamina ganglionaris. These organs have been described in 
detail by Hamori and Horridge (1966 a,b,c,d,), Hafner (1973, 
1974), and Nassel (1975, 1976, 1977). Elofsson et al. 
(1977) have reported on the monoaminergic system in the 
optic ganglia. These studies indicated that the peptidergic 
system in at least the lamina ganglionaris is more complex 
than has been recognized before. Thus, the partial knowledge 
of the ultrastructure of the optic ganglia, the indicative 
data on the eyestalk peptidergic system, and the recent 
developments in the neurobiological field, as described in 
the General Introduction, prompted the here described 
studies of the optic ganglia of Astacus leptodactylus. 
Some remarks should be made with regard to the 
definitions of the terminology concerning neuronal secretory 
processes used in this thesis. Terminology is largely based 
on the considerations developed by Karlson (1982). The terms 
"neuroendocrine" and "neurohormonal" are considered as 
equivalents and will be used for neurons that show 
structural indications for release of secretory material 
into the vascular system. "Neurotransmission" is used when 
there is structural evidence for the presence of synapses. 
In case there are structural indications of secretory 
activity and transport of released secretory products via an 
intercellular space other than the vascular system, the term 
"paracrine" will be used. Neuromodulation is generally 
considered to be effected by paracrine secretion, though not 
exclusively. In older literature, the secretion granules of 
neurons have been denoted as cholinergic, adrenergic, or 
peptidergic, on the basis of the structure of the granules; 
small clear vesicles, small dense core vesicles, or large 
dense granules respectively. This nomenclature seems no 
longer to be valid, since granules may contain more than one 
type of substance. Therefore, the morphology of the 
secretory granules encountered is described without any 
implication to their possible contents. 
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CHAPTER I. 
THE MICROANATOMY OF THE OPTIC AND 
SUPRAOESOPHAGEAL GANGLIA OF THE CRAYFISH 
i4stacus leptodactylus (Nordmann 1842). 
ABSTRACT 
The structural characteristics of the optical 
ganglia of ¿stacus leptodactylus are described by means of 
reconstructions based on serial paraffin sections. The 
structure of the central nervous system of Astacus 
leptodactylus conforms the pattern described for decapod 
Crustacea. The location of the medulla terminalis X organ 
appears to be variable, with exception of a number of 
neurohormonal cells that comprise the crustacean 
hyperglycemic hormone producing neurons. The medulla externa 
X organ is diffuse. The supraoesophageal ganglia contain 
laterodorsally a contralateral paired cluster of neurons, 




The general morphology of the decapod crustacean 
central nervous system is well known (Bullock and Horridge 
1965; Sandeman 1982). Also, the location of neurohormonal as 
well as interneurons and motorneuron cell groups has been 
described for several species (Hanström 1933, 1937, 1947; 
Enami 1951; Bliss et al. 1954; Durand 1956; Matsumoto 1958; 
Seabrook and Nesbitt 1966). From these studies a general 
pattern arises for the crustacean central nervous system. 
However, also some species specific differences have been 
described. 
Although the general outlines of the optic and 
supraoesophageal, or cerebral, ganglia of Astacus 
leptodactylus are known (Van Herp and Van Buggenum 1979; 
Strolenberg 1979) and the crustacean hyperglycemic hormone 
producing system has been described minutely (Kallen 1985), 
a detailed structural account for these ganglia is not 
available for this species. In this chapter the structure 
will be described in detail at the light microscopical level 
of the optic and cerebral ganglia of Astacus leptodactylus 
(Nordmann 1842) on the basis of spatial reconstructions of 
these ganglia. 
MATERIALS AND METHODS 
Eyestalks and supraoesophageal ganglia of adult 
female and male astacus leptodactylus (intermoult, stage C) 
were excised and fixed in Bouin-Hollande for 24 h. Of the 
paraffin embedded tissue transverse sections with a 
thickness of 7 \im ± 1 um were stained with the Cleveland-
Wolfe trichrome method. From five series of sections of each 
organ, every third section was projected and drawn on 
transfer paper, glued on suitable cardboard and excised. 
From the cardboard sections a 160 times enlarged model was 
made of the optic and supraoesophageal ganglion. Of these 
models a holotype was drawn. 
Fig 1 A-D 
Schematic representation of the optic ganglia in the left 
eyestalk of <4stacus leptodactylus based on the 
reconstructions of 7 um histological sections. The ommatidia 
are not incorporated for reasons of clarity. A; dorsal view, 
B; laterorostral view, C; ventral view, D; laterocaudal 
view, heb: hemiellipsoid body, in: interneurons, lg: lamina 
ganglionaris, me: external medulla, тех: X organ of the 
medulla externa, mi: internal medulla, mt: terminal medulla, 


























































Optic ganglia (Fig 1A-D) 
All four optic ganglia, the lamina ganglionaris 
(LG), the medulla externa (ME), the medulla interna (MI), 
and the medulla terminalis (MT), the latter containing the 
hemiellipsoid body (HEB), are situated in the eyestalk. 
Distally the LG is bordered by the outer cell layer (OCL, 
not shown), the first interneurons in the optic pathway. The 
ME and MI are on three sides surrounded by globuli cells, 
dorsally, laterorostrally (or laterointernally), and 
ventrally (Fig 1A-C). These cells are considered to be 
interneurons (IN, Bullock and Horridge 1965). At the level 
of the ME a large afferent haemolymph vessel perforates the 
globuli cells at the laterorostral side. Interspersed among 
the interneurons that surround the ME and the MI large 
neurons that constitute the medulla externa X organ (МЕХ) 
are found.The most pronounced concentration of МЕХ neurons 
is found laterorostrally of the MI (Fig IB). From here the 
МЕХ cells are found, in diminishing density and eventually 
isolated, running in a spire distally and to the ventral 
side of the ME (Fig 1С) and ending at the laterocaudal side 
(Fig ID). The sinus gland (SG), the neurohaemal organ of the 
medulla terminalis X organ neurons (MTGX) and the МЕХ 
neurons is situated dorsolaterocaudally at the transition of 
the ME and the MI (Fig 1A-D). The MT contains the HEB that 
protrudes from it as a hemisphere at the dorsolaterorastral 
side (Fig 1A). The HEB is surrounded collarlike by large 
neurons (Fig 1A,B). The same cells are also found ventrally, 
where they form a large group, and at the laterocaudal side 
of the MT, where they form lobes. These lobes are distally 
connected with each other through a zone of large neurons 
situated between the MI and the MT. Some of these large 
neurons are also found laterocaudally on the MT. All these 
cellgroups together constitute the MTGX and this organ, with 
the МЕХ and the SG is the classically described 
neurohormonal system of the eyestalk. 
Supraoesophageal ganglia (Fig 2 A,B) 
The structure of supraoesophageal or cerebral 
ganglia in A. leptodactylus (Fig 2 A,B) conforms the basic 
plan known as the carcinus-type. In this form all four optic 
ganglia are well separated from the rest of the 
protocerebrum and situated in the eyestalk (Bullock and 
Horridge 1965, Sandeman 19Θ2). At the dorsal side of the 
cerebral ganglia a paired group of large neurons,the 
dorsolateral cells are present (Fig 2A-7). Ventrally one 
group of large neurons is present: the ventromedial cells 
(Fig 2B-8). Both these neurongroups have not been described 
earlier in i4stacus. In the present study no indications were 
found for the presence of two distinct populations of giant 
neurons. Therefore no attempt is made here to differentiate 
between giant neurontypes (see Chapter II Part I). 
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DISCUSSION 
In A. leptodsctylus, all four optic ganglia are 
located in the eyestalk as described by Van Herp and Van 
Buggenum (1979), Strolenberg (1979) and Gorgels-Kallen et 
al. (1982). As appeared from the reconstructions, the neuron 
lobes of the MTGX are variable in their location except the 
neurons that are situated collarlike round the HEB. The 
latter cells have a constant location and here, 
ventrolaterally on the MT, the crustacean hyperglycemic 
hormone (CHH) producing cells are found (for a detailed 
description of the CHH neurohormonal cell system see Kallen 
1985). As motorneurons have been described in the MT 
(Orconectes virilis, Seabrook and Nesbitt 1966) the neuron 
regions of the MT here indicated as neurohormonal may 
contain a mixed population of neuroendocrine and 
motorneurons.The large neurohormone producing cells of the 
МЕХ in A. leptodactylus are less clustered than in some 
other decapod Crustacea (e.g. Palaemon serratas, Humbert 
1965). 
Descriptions in literature of the cerebral ganglia 
are not as detailed as those of the optic ganglia, 
especially where the locations of the neurons are concerned 
(Bullock and Horridge 1965, Seabrook and Nesbitt 1966, 
Sandeman 1982). When compared to the description of the 
cerebral ganglia from Astacus (probably A. astacus) , 
Carduus (probably С maenas) and Palaemon (probably P. 
serratus ) by Bullock and Horridge (1956) and the cerebral 
ganglia of Cherax des truc tor(Sandeman 1982) the brain of A. 
leptodactylus shows three additional neuron clusters: the 
ventromedial cells and the dorsolateral cells. The 
ventromedial group has not been described by Bullock and 
Horridge (1965) nor by Sandeman (1982). However Seabrook and 
Nesbitt (1966) describe a small group of neurons in the 
ventromedial part of the brain of Orconectes virilis, which 
they numbered 48. Also, Bliss et al. (1954) in Gecarcinus 
lateralis and Cambarus virilis (=Orconectes virilis) and 
Matsumoto (1958) in four species of crabs have described 
ventromedially a neuron-
Fig 2 A,В 
Dorsal and ventral view of the cerebral ganglia of astacus 
leptodactylus based on the reconstruction of 7 Urn 
histological sections. I: optic nerve. III: first antennal 
nerve, IV: second antennal nerve, V: circumoesophageal 
connective. 1: anteromedial cells, 2: anterior dorsolateral 
cells, 3: olfactory lobe cells, 4: posterior dorsolateral 
cells, 5: ventrolateral cells, 6: posteromedial cells, 
7dorsolateral cells, 8: ventromedial cells. A: optic 
neuropil, B: tegumentary neuropil, C: olfactory lobe, D: 
accessory lobe, E: lateral first antennal neuropil, F: 









Cluster that these authors consider to be neurohormonal in 
character. Since there are no indications that the 
ventromedial neurons in A. leptodactylus are neurohormonal, 
the homology of these cells with the neurons described by 
Bliss et al. (1954) and Matsumoto (1958) is uncertain. 
The dorsolateral cellgroups in A. leptodactylus 
have not only the same location in common with the giant 
neuroncluster in Procambarus clarki (Mellon 1977) but also 
the large size. In the brain of 0. virilis two 
neuronclusters, described by Seabrook and Nesbitt (1966) and 
numbered by these authors 46, 47, 53 and 54, may be 
identical with the dorsolateral cells of A. leptodactylus 
The giant neurons in P. clarki are motorneurons, innervating 
ocular muscles. The function of these neurons in A. 
leptodactylus, as in 0. virilis, is not known. 
With respect to the occurrence of neurons with a 
possible endocrine function (Bliss et al. 1954, Matsumoto 
1958), some reservation is required since it appeared that 
the histological staining methods classically used for the 
characterization of endocrine neurons (chromehaematoxylin, 
paraldehydefuchsin and alcian blue/alcian yellow) are of no 
help in the differentiation of the neuroendocrine system of 
A. leptodactylus (c.f, Chapter II Part I). Thus, in this 
species, cell size is the almost only criterium available 
to distinguish between motor- or interneurons and secretory 
neurons, which in case of the cerebral ganglia is not 
reliable because of the presence of giant motorneurons 
(Mellon 1977). For a further discussion on the cerebral 
neurohormonal system is referred to Chapter II Part I. 
In conclusion: the structure of the optic and 
cerebral ganglia conforms the general decapod pattern. The 
most striking difference is the presence of three, thus far 
not described, groups of neurons in the cerebral ganglia. 
The present description of the optic and supraoesophageal 
ganglia has set a framework in which the descriptions 
presented in the following chapters are fitted in. 
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CHAPTER II 
AN IMMUNOCYTOCHEMICAL STUDY OF THE OPTIC 
AND SUPRAOESOPHAGEAL GANGLIA OF THE 
CRAYFISH Astacus leptodactylus 
(Nordmann 1842) WITH ANTISERA AGAINST 
BIOLOGICALLY ACTIVE PEPTIDES OF 
VERTEBRATES AND INVERTEBRATES. 
This chapter was published in a slightly 
different form in Cell and Tissue 
Research (1985), 240 175-183. 
ABSTRACT 
The peptidergic system in the optic and 
supraoesophageal ganglia of dstacus leptodactylus is 
characterized by the immunocytochemical application of 15 
antisera raised against biologically active peptides of 
vertebrates and invertebrates. Positive reactions were found 
with anti-FMRFamide, anti-aMSH, anti-vasotocin, anti-
gastrin, anti-CCK, anti-oxytocin, anti-secretin, anti-
glucagon, and anti-GIP. In the optic ganglia, it is possible 
to distinguish 30 cell groups on the basis of immunochemical 
reactivity and localisation. Only part of these cell groups 
is found in known classical neurosecretory cell regions. In 
the supraoesophageal ganglia immunoreactivity is limited. 
Nevertheless, these observations demonstrate a more 
extensive peptidergic system than formerly recognized. The 
morphology of this peptidergic system suggests that one part 
of the detected cells is of neurohormonal character and the 




By now it is well established that antisera 
against various biologically active peptides (BAP) of 
vertebrates and invertebrates give positive 
immunocytochemical (ICC) reactions in the nervous system of 
both animal groups (Duve and Thorpe 1979, 1980b, 1981; Boer 
et al. 1980; Grimmelikhuyzen et al. 1981; Schot et al. 
1981). In addition, biochemical studies have shown 
(Bodenmüller and Schaller 1981; Loumaye et al. 1982) or 
strongly indicated (Duve et al. 1979: Duve and Thorpe 1980a) 
that the biologically and/or immunologically detected 
peptides are structurally identical or very closely related 
in the two groups. This apparent relationship between BAP 
supports their supposed wide distribution in the animal 
kingdom and is an indication for the concept of a long 
evolutionary history (Scharrer 1978; Boer et al. 1980; 
Bodenmüller and Schaller 1981; Loumaye et al. 1982). 
ICC reactions with a number of different antisera 
are described in the eyestalk of decapod Crustacea. In 
Palaemon serratus positive reactions are found with anti-
serotonin (Bellon-Humbert et al. unpublished), with anti-
neurophysin I and anti-(eArg) vasopressin (Van Herp and 
Bellon-Humbert, 1982) and with anti-FMRFamide (Jacobs and 
Van Herp 1984). Mancillas et al. (1981) have used anti-
enkephalin and anti-Substance Ρ in the optic ganglia of 
Panulirus interruptus to demonstrate peptidergic neurons. 
In Crustacea, the optic ganglia are an important 
neurosecretory centre (reviews: Kleinholz and Keller 1979; 
Cook and Sullivan 1982) in which different cell types may be 
demonstrated (Enami 1951; Bliss et al. 1954; Durand 1956; 
Hissano 1974). It appears however, that in Astacus 
leptodactylus the methods classically used for the 
characteristic staining of neurosecretory cells, paraldehyde 
fuchsin (PAF), chromehaematoxylin (CHP), alcian blue/alcian 
yellow (AB/AY), periodic acid Schiff (PAS), sudan black В 
and metachromatic toluidin blue, do not give positive 
results (Van Deijnen, unpublished). In the framework of our 
studies on the relations between neuroendocrine cells, 
neuroendocrine cell systems and biological processes in 
decapod Crustacea, especially in astacus leptodactylus, it 
is of importance to obtain cytochemical parameters selective 
for different neuroendocrine cells (Van Herp and Van 
Buggenum 1979; Gorgels-Kallen and Van Herp 1981). In the 
present study we apply antisera raised against invertebrate 
and vertebrate neuro- and gastrointestinal peptides to 
characterize peptidergic neurons in the optic and 
supraoesophageal ganglia of astacus leptodactylus. 
MATERIALS AND METHODS 
After removal of the exoskeleton, supraoesophageal 
and optic ganglia of adult female and male Astacus 
leptodactylus (intermoult, stage C) were fixed for 24 h in a 
mixture of glutaraldehyde/picric acid/acetic acid (GPA, Boer 
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et al. 1979) or were quenched in liquid nitrogen cooled 
Freon 22 and freeze dried for 1-3 days at 40 "С under vacuum 
in an Edwards tissue drier, with P2O5 as siccative, to be 
fixed with p-benzoquinone (PBQ, Pearse and Polak 1975).PBQ 
was recrystallized in petroleum-ether (b.p. 60" C-80' C) 
and redissolved in toluene upto saturation. Dried tissues 
were fixed in the vapours of PBQ saturated toluene for 3h at 
60* C. In the further processing of the fixed tissue, 
standard histological methods were applied. 
After inhibition of endogenous peroxidase activity 
with methanol (100%) and phosphate buffered saline (PBS; 
0.05 M, pH=7.2) with 0.0125% H2O2 (30 min each, these steps 
were included in the hydration series), sections were 
stained immunocytochemically by the peroxidase-anti-
peroxidase (PAP) method according to Sternberger (1979). For 
each primary antiserum optimal dilution was tested in a 
dilution series. Anti-a-melanocyte stimulating hormone 
(aMSH), anti-vasotocin, anti-vasopressin, anti-
phenylalanylmethionylarginylphenylalanylamide (FMRFamide), 
anti-adrenocorticotropic hormone (ACTH), and anti-
ßendorphin were used following GPA fixation. Anti-glucose 
dependent insulinotropic peptide (GIP, mid portion of the 
molecule), anti-oxytocin, anti-gastrin (C-terminal), anti-
glucagon (C-terminal), anti-secretin, anti-cholecystokinin 
(CCK, mid portion of the molecule), anti-somatostatin, anti-
vasoactive intestinal polypeptide (VIP, C-terminal), and 
anti-bombesin, were used following PBQ fixation. Incubation 
time for the primary antiserum was 24 h. Goat-anti-rabbit 
(GAR, Nordic, the Netherlands) was diluted 1:200, the PAP 
complex (UCB, Belgium or IMPRO, the Netherlands) was used in 
a 1:300 dilution. All immunochemicals were diluted in PBS 
with 0.01% Triton-X100 and one drop 1% sodiumazide per ml 
diluted antiserum was added. For visualization of the 
immunoreactions the sections were incubated with 5 mg 
3-3' diaminobenzidine (DAB) per 10 ml of an 0.05 M Tris/HCl 
buffer (pH=7.2) with 0.001% H2O2. Each antiserum was tested 
on 3-5 eyestalks and cerebral ganglia. Method specificity 
was tested by substituting the primary antiserum by normal 
rabbit serum, by replacing the subsequent antisera in the 
PAP sequence by PBS, and by adsorption to 10 nMol of the 
homologous antigen coupled to CNBr-Sepharose 4B (Pharmacia) 
per ml diluted primary antiserum for 1 h at room temperarure 
or 24h at 4 0C. Three combinations of antisera (anti-
aMSH/anti-FMRFamide, anti-FMRFamide/anti-vasotocin, and anti-
aMSH/anti-crustacean hyperglycemic hormone (CHH), were 
applied in an alternating sections procedure to detect 
double staining. 
RESULTS 
Optic ganglia (Fig 1-12) 
The observed immunoreactivity is presented in a 
diagram of the optic ganglia. This diagram is based on an 
idealized longitudinal, median section of the holotype 
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presented in Fig 1 Α-D from Chapter I, Part I. The location 
of immunoreactive cells is projected in this two dimensional 
diagram. Thus, it should be borne in mind, that the actual 
position of the cells may be more to the ventral or dorsal 
side of the ganglia than is shown here. By combination of 
the diagrams with Fig 1A-B from Chapter I Part I, spatial 
orientation becomes possible. 
Anti-FMRFamide (1:2000), anti-otMSH (1:2000), anti-
vasotocin (1:500), anti-gastrin (1:2000),anti-CCK (1:4000), 
anti-oxytocin (1:4000), anti-secretin (1:6000), anti-
glucagon (1:5000), and anti-GIP (1:12000) give a positive 
reaction in the optic ganglia (Fig 1-9). 
Anti-FMRFamide. 
With anti-FMRFamide (Fig 1) positive reactions are 
found in all areas of the optic ganglia complex except the 
sinus gland. In the lamina ganglionaris (LG) positive 
neurons are found in the outer cell layer (OCL) and inner 
cell layer (ICL), as well as in the proximal glial sheath 
(PCS), the cells in the latter region showing tangential 
fibres. In the synaptic region (SR) axons, sectioned 
transversely, react positively. Cells, situated in the optic 
chiasma I (OC I) also show a positive reaction; however, no 
fibres are found here. The neurons surrounding the medulla 
externa (ME) and the medulla interna (MI) show two groups of 
positively reacting cells in the interneurons (IN) and one 
in the neurohormonal cells of the medulla externa X organ 
(МЕХ). In the neuropil of the ME and MI the fibres that 
react positively are grouped into two layers. Only few 
fibres are seen in longitudinal section. The neuroendocrine 
cells of the medulla terminalis X organ (MTGX) show 
extensive reaction. Positive cells are located in two 
distinct areas. The reacting axons in the neuropil region of 
the medulla terminalis (MT) are predominantly found 
ventrally from the hemiellipsoid body (HEB), most of them in 
transverse section. It seems, however, that some fibres, 
sectioned longitudinally, run into the optic nerve (NO), 
thus forming a peptidergic connection between the optic and 
cerebral ganglia. The immunostaining appears to be method 
specific and is negative after adsorption to FMRFamide-CNBr-
Sepharose 4B. 
Anti- OLMSH . 
In the LG, cells from the PGS react positively 
with anti-aMSH, showing tangentially running fibres (Fig 2). 
Also, cells located in the OC I show a positive reaction. 
Among the neurons covering ME and MI, only large 
neurohormonal cells from the МЕХ react with anti-aMSH. In 
the neuropil of the ME there is no reaction found and in the 
neuropil of the MI a very restricted one in the proximal 
part of it. However, the sinus gland (SG), the neurohaemal 
organ of the optic ganglia, shows a positive reaction.In the 
MT, neurohormonal cells as well as fibres, show extensive 
reaction, which devides the MTGX cells into two distinct 
groups. The positively reacting fibres are mostly seen 
longitudinally sectioned and seem to constitute a connection 
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between the group of the immunoreactive cells located 
laterorostrally and the SG. No reaction is obtained either 
after adsorption to aMSH- CNBr- Sepharose 4B or in the 
method specificity tests. 
An ti-vasotocin. 
With anti-vasotocin, no reaction is obtained in 
the LG (Fig 3). The OC I shows positive fibres in cross 
section but no cells. The positively reacting neurons that 
belong to the ME and the MI form three groups. The most 
distal one is part of the МЕХ. In the neuropil of the ME, 
three layers of immunoreactive fibres occur. In the ME the 
same image is found. In both the ME and the MI 
somelongitudinally sectioned fibres are found. Their 
appearance very much resembles a tract. In addition, some 
reactive fibres are found in the optic chiasm II (ОС II) 
close to the SG which is also reacting immunopositively. The 
positive neurons of the MT are scattered throughout the MTGX 
with the exception of the neurons forming a distinct group 
just proximally to the SG. The reactive fibres in the 
neuropil of the MT occur ventrally from the HEB in an 
organized way, the rest of them being scatterà throughout 
the MT neuropil. The NO contains reactive fibres running to 
the cerebral ganglia. In the case of anti-vasotocin, fibres 
in the proximal layers of ME and MI remain immunoreactive in 
the method specificity test when GAR is substituted by PBS. 
Also, after a single adsorption with 10 nMol vasotocin-CNBr-
Sepharose 4B, some immunoreactivity can be detected. 
Complete absence of immunostaining is achieved only after 
adsorption to 100 nMol of the coupled homologous antigen. 
An ti-gastrin, 
The positive reactions to anti-gastrin (Fig 4) are 
restricted to perikarya in the МЕХ (2 cells) and the MTGX, 
where one group and some isolated cells are found. 
Immunostaining is absent in all control tests. 
Anti-CCK. 
A few scattered cells are found inthe LG and in 
the OC I (Fig 5). The interneurons of ME and MI contain 
Fig 1 
Anti-FMRFamide, 1:2000. Abréviations used in Fig 1-13: SOR 
subocular room; OCL outer cell layer; DGS distal glial 
sheath; SR synaptic region; PGS proximal glial sheath; OC I 
optic chiasm I; ME medulla externa; OC II optic chiasm II; 
MI medulla interna; IN interneurons; SG sinus gland; NO 
optic nerve; X neuroendocrine cell bodies (МЕХ and MTGX); MT 
medulla terminalis. 
Fig 2 Fig 4 





positive perikarya, partly isolated, partly grouped, one of 
the groups belonging to the МЕХ. The SG reacts positively to 
the anti-CCK. The neurohormonal cells of the MT form three 
distinct groups. Some isolated cells occur in the distal 
zone of the MTGX near the SG. The neuropil of the MT 
contains few, but grouped fibres at the laterocaudal side. 
Adsorption to CCK-CNBr-Sepharose 4B suppresses 
immunostaining and so does the sequential substitution of 
immunochemicals by PBS. 
An ti-oxytocin. 
Some scattered fibres in the neuropil of ME and MT 
react method specifically to the anti-oxytocin used (Fig 6). 
An ti-secretin. 
With anti-secretin it is possible to visualize 
some cells in the LG (Fig 7). Of the interneurons of the ME 
and MI only isolated cells are reactive. The SG is 
immunoreactive with anti-secretin. The neuroendocrine cells 
of the MTGX show some isolated, positively reacting cells 
and the neuropil of the MT shows a low number of fibres. All 
staining is method specific 
.Anti-glucagon. 
Few cells are reactive in the LG and OC I (Fig 8). 
The interneurons of ME and MI contain three concentrations 
of positively reacting cells; two distally of the МЕХ and 
one proximally of it. Also, neurohormonal cells of the МЕХ 
are stained. Among the neurohormonal cells of the MT, only 
isolated cells are immunoreactive. There are a few positive 
fibres scattered in the neuropil of the MT. Immunoreactivity 
is never obtained after control incubations 
Anti-GIP. 
The use of anti-GIP results in few positive cells 
(Fig 9). Immunoreactive cells are predominantly grouped in 
the interneuron region. Fibres are scattered throughout the 
optic ganglia: ОС I, the interneurons of ME and MI, the 
distal group neuroendocrine cells of the MT, and the 
neuropil of the MT. In contrast to the other sera, 
adsorption to GIP-CNBr-Sepharose 4B was not possible, GIP 
not being available. However, in all substitution tests 
immunostaining was absent. 
Double staining in the alternating sections procedure. 
Immunostaining of alternating sections with anti-
aMSH and anti-FMRFamide in one series, and anti-FMRFamide 
and anti-vasotocin in another series, reveals some doubly 
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combination occur in LG, OC I, МЕХ, and MTGX (Fig 10). 
Double immunoreactivity to anti-FMRFamide and anti-vasotocin 
is restricted to the MTGX only (Fig 11). Fig 12 gives the 
results of the anti-aMSH/anti-CHH series, a combination 
tested on the basis of the anti-aMSH results, which, in the 
MT and MTGX are very reminiscent of the CHH-system (Gorgels-
Kallen and Van Herp 1981). The alternating sections 
procedure indeed shows a cross reactivity between the two 
antisera. It appears that only the CHH cells denoted as +++ 
and part of the cells denoted as ++ are clearly 
immunopositive with anti-aMSH. The + cells are 
immunonegative or very faintly immunopositive after the use 
of anti-aMSH (for the characterization of +, ++, and +++ CHH 
cells see Gorgels- Kallen and Voorter 1984). 
Supraoesophageal ganglia 
The supraoesophageal ganglia are tested with anti-
FMRFamide, anti-aMSH, and anti-vasotocin. All three sera 
gave positive and specific results, though in a very 
restricted number of cells. The resuls are presented in 
Table I, where for each of the cell groups present in the 
cerebral ganglia, the number of positive cells is indicated. 





Identical immunoreactive cells for anti-aMSH and anti 
FMRFamide. 
Fig 11 
Identical immunoreactive cells for anti FMRFamide and anti-
vasotocin. 
Fig 12 
Identical immunoreactive cells for anti-aMSH and anti-CHH. 
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TABLE 1 LOCATION AND NUMBER OF NEURONS WHICH SHOW POSITIVE IMMUNOCYTOCHEMICAL REACTIVITY TO THREE 
ANTISERA IN THE SUPRA-OESOPHAGEAL GANGLIA OF Ajtaaui lo-ptodaaLyAUA. 
': these cell groups occur symetrically; the number of cells indicated refers to the ipsilateral cell group 
г
: these cell groups are characteristic for the supra-oesophageal ganglia of ÄAtacxot J.e.ptjodacytyÀu4 
CELL GROUP 
ANTERIOMEDAL CELLS 
ANTERIOR DORSOLATERAL CELLS ' 
OLFACTORY LOBE CELLS1 
POSTERIOR DORSOLATERAL CELLS1 
VENTROLATERAL CELLS1 
POSTEROMEDAL CELLS 






























From the tests performed to establish method 
specificity we conclude that the ICC reactions described are 
method specific and, therefore, characteristic for the 
neuron cell type and the antiserum involved. Based on these 
immunochemical reactions alone, however, there is no 
conclusion possible with regard to the identity of the 
reactive material, except that it is of peptidergic nature 
(Swaab et al. 1977). Nevertheless, the use of a broad 
spectrum of antisera to biologically active peptides, to 
elucidate histological characteristics and to assess the 
complexity of the peptidergic system in the central nervous 
system, is a valid tool. 
In the MTGX of A. leptodactylus four types of 
neurons have been described: type I neuroendocrine cells 
(mean diameter 49 un), type II neuroendocrine cells (mean 
diameter 22 un), and the crustacean hyperglycemic hormone 
producing cells, a subclass of the type I neuroendocrine 
cells (Van Herp and Van Buggenum 1979; Gorgels- Kallen and 
Van Herp 1981). Partially surrounding the ME and the MI the 
fourth neuron type is found, small neurons (mean diameter 17 
Um), most of them being interneurons (Bullock and Horridge 
1965). From the immunocytochemical results presented here it 
is clear that at least eleven different cell types can be 
distinguished in the neuron region of the four optic 
ganglia. When localization is taken into account the 
classification can be elaborated and refined: aside from a 
number of scattered cells throughout the optic ganglia close 
to thirty different cell groups can be distinguished. 
It is very well possible that more than one cell 
type reacts with the same antiserum: in the central nervous 
system of the pond snail Lymnaea stagnalis, different cell 
types are reactive with anti-FMRFamide (Boer and Schot 1983; 
Schot et al. 1984). In A. leptodactylus this aspect is 
indicated by the results of the alternating sections 
procedure (anti-FMRFamide/anti-oMSH and anti-FMRFamide/anti-
vasotocin) and by the anti-oMSH/anti-CHH cross reactivity. 
Although the anti-CHH immunoreactive cells always react with 
anti-oMSH, the latter serum shows a more extensive reaction 
that was never seen with the anti-CHH (Kallen, pers. comm., 
c f . Fig 2 and Fig 12). The differences in reactivity of CHH 
cells to anti-oMSH is not well understood. It simply may 
reflect the amount of antigen present during the cell cycle, 
but it cannot be excluded that the ripening of the granules 
plays a role (Gorgels- Kallen and Voorter 1984). As the 
majority of + cellls never is completely immunonegative to 
anti-oMSH, the first suggestion seems to be the more 
probable one. With regard to the identiy of the anti-CHH and 
anti-oMSH reactive material nothing can be concluded: an 
extract from the SG tested for oMSH by radioimmunoassay was 
completely negative. 
Recently, immunoreactivity has been described in 
the optic ganglia of Panulirus interruptus with anti-
enkephalin and anti-Substance Ρ by Mancillas et al. (1981). 
The immunocytochemical results in the eyestalk of A. 
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leptodactylus give in outline the same image of the 
peptidergic system as the one obtained in P. interruptus. 
However, in A. leptodactylus the immunoreactivity is not 
only more widespread than in P. interruptus but also more 
detailed, especially in the LG, where in A. leptodactylus, 
beside the SR also the ICL, the PGS, and the DGS (proximal 
part) are involved in the immunoreactivity. Moreover, in A. 
leptodactylus cells and axons are immunoreactive. In both 
species immunoreactive axons of ME and MI, grouped into a 
number of zones, are present but in an another 
configuration, depending on the species. Extensive 
immunoreaction is found in the neurons of ME and MI of both 
species, but, in addition, in A. leptodactylus a widespread 
immunoreactivity is found in the MTGX and the МЕХ. 
In the optic ganglia of Palaemon serratus 
immunoreaction with anti-serotonin (Bellon- Humbert et al., 
unpublished), with anti-neurophysin I and anti-
(eArg)vasopressin (Van Herp and Bellon- Humbert 1982), and 
with anti-FMRFamide (Jacobs and Van Herp 1984) has been 
described. Only anti-FMRFamide is reactive in the MTGX and 
the neuropil of the MT, and a few cells of the LG. The 
immunoreactivity of the other sera being entirely restricted 
to the Organ of Bellonci, a structure not present in A. 
leptodactylus. The difference in immunoreactivity of the 
anti-FMRFamide in P. serratus and -4. leptodactylus may 
indicate molecular differences between biologically active 
peptides from shrimps and crayfish. Also, the fixative used 
as well as the physiological conditions of the animals used 
may play a role. 
Although one part of the cell groups, which 
exhibits immunoreactivity in A.leptodactylus as well as in 
other decapod Crustacea, is situated in the areas that are 
classically known to contain endocrine neurons, the MTGX and 
the МЕХ, the other part of the immunoreactive cells is found 
predominantly among the neurons of the LG, ME, and MI, which 
until now have been considered as non-peptidergic 
interneurons (Bullock and Horridge 1965), with the exception 
of cells in the PGS (Hamori and Horridge 1966 a,b). The 
distribution of the immunoreaction suggests a functional 
difference between the peptidergic neurons with a 
predominantly endocrine function for the neurons of the MTGX 
and МЕХ, and the peptidergic neurons of the LG, ME, and MI 
possibly excerting neuromodulatory or neurotransmittory 
functions. This point of view finds support in the 
occurrence of aminergic neurons in the same regions of the 
optic ganglia (see below). Also, it should be borne in mind 
that only few (4) of the antisera, positive in the MTGX and 
the МЕХ, are also positive in the SG, and the reactive 
substances therefore may represent a neurohormonal product. 
However, the functional significance of the peptidergic 
neurons outside the MTGX and the МЕХ has to be studied in 
detail, since in a parallel ultrastructural study of the 
optic ganglia (Chapter III Part I), in the LG and OC I 
structures are found reminiscent of the sinus gland.From 
additonal data (see Chapter V Part I) it seems quite 
possible that functional versatility (modulatory versus 
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endocrine ) characterizes these neurons in the eyestalk. 
The distribution of the peptidergic 
immunoreactivity described throughout the eyestalk shows a 
striking similarity to that obtained for monoamines by the 
formaldehyde induced fluorescence (FIF) reaction as 
described by Elofsson and Klemm (1972) in Astacus astacus, 
Elofsson et al. (1977) in Paci fastacus leniusculus, and 
Strolenberg (1979) in Astacus leptodactylus. By comparing 
the results of these FIF studies with the present 
immunostaining, a close relationship between the aminergic 
and the peptidergic systems becomes apparent (Fig 13). In 
the LG, the FIF reaction is positive in the same areas as is 
the anti-FMRFamide immunostaining (the DGS -proximal part-, 
SR, and PGS). In these areas, granule containing cells and 
fibres have been described at the ultrastructural level 
(Hamori and Horridge 1966 a(b; Elofsson et al. 1977; see 
also Chapter III Part I). Elofsson et al. (1977) have 
described two types of fibres of which the ones containing 
the smaller granules were thought to be aminergic and the 
ones containing the larger granules to be peptidergic. The 
presence of peptidergic axons is confirmed in the present 
study. The possible nature of the small granules will be 
discussed in the Chapters III an IV (Part I) where 
additional data will be available. Of the six layers in the 
ME described by Hanström (1924) the most distal one is 
positive in as well the FIF reaction as to anti-vasotocin, 
the second, fourth, and sixth layers only are immunoreactive 
(with anti-FMRFamide; anti-FMRFamide and anti-vasotocin; and 
anti-vasotocin respectively). The third and fifth layers 
respond only to the FIF reaction (Fig 13). In the MI, of the 
five layers present (Hanström 1924), the most distal zone 
is only FIF reactive, the second and fourth layers are 
immunoreactive for anti-FMRFamide and anti-vasotocin and 
faintly FIF positive. The fifth layer, the most proximal one 
of the MI, is anti-vasotocin immunoreactive as well as FIF 
positive. The MT, especially the neuropil region ventral to 
the HEB, shows a FIF reaction and immunostaining for anti-
FMRFamide and anti-vasotocin. From this it is clear that the 
peptidergic and aminergic systems are in close contact and 
even intermingled. At this moment however, we are unable to 
decide whether there are fibres that are both peptidergic 
and aminergic. 
Compared to the results obtained in the optic 
ganglia, the immunoreactivity in the cerebral ganglia is 
very restricted. This is surprising since extensive 
neurohormonal cell regions have been described by Bliss et 
al.(1954) in Gecarcinus lateralis and Cambarus virilus, and 
in five species of crabs by Matsumoto (1958). Sandeman 
(1982) however,in his review on the crustacean central 
nervous system, has described giant and hemigiant motor- and 
interneurons throughout the cerebral ganglia. In Chapter I 
Part I we have confirmed the presence of large neurons in 
the cerebral ganglia of A. leptodactylus. At the light 
microscopical level these neurons resemble neuroendocrine 
neurons and, therefore may have been misinterpreted. It can 
not be excluded though that these neurons, although they are 
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motorneurons, are peptidergic or represent groups of 
functionally diversive cells. In the light of the present 
results , however we incline to the opinion that the optical 
ganglia are the more prominent neurohormonal centres. 
This immunocytochemical study reveals the 
complexity of the peptidergic system that is present in the 
nervous system of the eyestalk of Crustacea. Moreover,by the 
demonstrated immunological relationships, it supports the 
supposed ubiquity of biologically active peptides. 
Fig 13 
Possible relation between the peptidergic and aminergic 
systems in the optic ganglia of /4stacus leptodactylus. The 
aminergic system is reconstructed from data published by 





THE ULTRASTRUCTURE OF THE OPTIC GANGLIA 
OF THE CRAYFISH Astacus leptodactylus 
(Nordmann 1Θ42) 
Part of this chapter was presented at the 
Vllleme Réunion des Carcinologistes de 
Langue Française, Liège, August 1983. 
ABSTRACT 
By means of serial ultra- and semithin sections a 
general electron and light microscopic survey of the optic 
ganglia was carried out. Especially the immunoreactive 
regions described in Chapter II Part I were examined. This 
resulted in a detailed description of all optic ganglia, the 
optic chiasmata, and the interneurons. The ultrastructural 
characteristics make the presence of peptidergic 
neurotransmission, neuromodulation, and paracrine 
arrangements of neuronal elements plausible. In addition, a 
number of special structures are reported that may be 
correlated with cell to cell communication. 
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INTRODUCTION 
Immunoreactive staining of the optic ganglia led 
to the identification of a number of peptidergic neurons in 
this part of the central nervous system of Astacus 
leptodactylus (Chapter II Part I). Although peptidergic 
neurons have long been considered to produce peptides with 
an exclusively hormonal function, recent evidence has shown 
that neuropeptides may also function as neurotransmitter 
substance or may have a neuromodulatory function (reviews: 
Scharrer 197Θ, 1983; HÖkfelt 1980; Krieger 1983; Stevens 
1985; Altman 1985, and Burnstock 1985). To determine the 
nature of the immunoreactive peptidergic neurons in the 
optic ganglia, ultrastructural information is required. Such 
information is scarcely present in literature. Only the 
ultrastructure of the lamina ganglionaris (LG) of some 
crayfish species has been studied in detail (Hamori and 
Horridge 1966 a,b,c,d; Hafner 1973,1974; Nassel 1975, 
1977). These studies focused on the optic apparatus, the 
ommatidia, and its nervous component in the LG, and 
mentioned the occurrence of possible peptidergic neurons and 
axons only in the margin. The exception is the study of 
Elofsson et al. (1977) that dealt with the monoaminergic 
neurons and their ultrastructural correlates in the optic 
ganglia. With aid of these studies we could identify only a 
limited number of immunoreactive fields in the LG of astacus 
leptodactylus. 
Shivers (1967) published a general ultrastructural 
survey of the optic ganglia of the crayfish Orconectes nais 
and presented the first detailed ultrastructural description 
of selected parts, considered to be representative of these 
ganglia. Unfortunately, the regions described do not or only 
partly correspond to the areas that show immunoreactivity in 
our experiments on A. leptodactylus. For this reason we 
surveyed the optic ganglia of A. leptodactylus at the 
ultrastructural level by means of transverse serial 
sections. Alternately, series of ultrathin and semithin 
sections were prepared. In this way the optic ganglia and 
the accompanying neurons were covered virtually completely. 
The correlation between the ultrastructural and the 
immunocytochemical observations is dealt with only 
indirectly in this chapter, but a full account hereof is 
given in Chapter IV Part I. The proximal zone of the 
ommatidia, containing the rhabdom, is described although it 
is not regarded as a part of the optic ganglia by Hamori and 
Horridge (1966 a). However, a description of the strict 
geometry of the ommatidium is considered to be necessary for 
the understanding of the structure of the LG and, although 
to a lesser extend, of structures of the optic chiasm I, the 
medulla externa, and the medulla interna. 
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MATERIALS AND METHODS 
ΛπimaIs 
Newly hatched larvae of Astacus leptodactylus 
(Nordmann 1842) were reared on a diet of Artemia salina 
nauplii, Tetramin and chopped cod or trout. After the 
seventh or eight moult, when external sexual dimorphism is 
expressed, the right eyestalk of female or male animals was 
fixed for electronmicroscopy. During post-larval development 
the animals were kept in running tap water (15±10 C) under 
an LD 12:12 regime. 
Fixation, embedding t and counterstaining 
Eyestalks of animals in stage С (Van Herp and 
Bellon-Humbert 1978) were prefixed for 30 min at room 
temperature in 2.0% glutaraldehyde in 0.1 M 
sodiumcacodylate/HCl (pH=8) with 0.2 M sucrose (total 
osmolarity 610 mOsmol). The fixative was changed for a fresh 
solution after 30 min at 0° C. During the first prefixation 
step, the cuticle, muscle and connective tissue was removed 
as far as possible. The ganglia were postfixed during Ih in 
a 1% osmium tetroxide solution in 0.1 M sodiumcacodylate/HCl 
(pH=8) with 0.2 M sucrose. During dehydration in a graded 
aceton series the optic ganglia were stained for 20 min in 
1% uranyl acetate in 50% aceton. The tissue was embedded in 
Spurr's resin (Spurr 1969). 
After careful orientation of the blocks in the 
specimen holder and the application of calibration marks, 
alternately series of semithin and ultrathin transverse 
sections were cut. The series of semithin sections (1.5 Mm, 
10 sections per series) were cut with glass knives. The 
series of ultrathin sections (silver to grey, 10 grids per 
series) were cut with a diamond knife (Diatome Ltd, 
Switzerland, type MP 2096). Both types of knives were used 
on a Reichert OMU 2 ultramicrotome. 
The ultrathin sections were transferred to formvar 
coated (0.8% w/v solution of formvar), single slotted (2mm χ 
1.5mm), copper grids. They were counterstained with 2% 
Fig 1 . 
Lightmicroscopic image of a part of the optic apparatus and 
the optic ganglia of a right eyestalk of Astacus 
leptodactylus. Cleveland-Wolf trichsome, x78. Ceo 
crystalline cones, Rh rhabdom, Bm basement membrane, RAx 
retinula axon fascicles, SOR subocular room, OCL outer cell 
layer, ICL inner cell layer, DCS distal glial sheath, SR 
synaptic region, PCS proximal glial sheath, LG lamina 
ganglionaris, OC I optic chiasma I, ME medulla externa, Neu 
interneurons, OC II optic chiasma II, SG sinus gland, Hae 
haemolymph vessels; МЕХ X organ of the medulla externa; MI 
medulla interna; MT medulla terminalis; MTGX X organ of the 




aqueous uranyl acetate for 30 rain and subsequently with lead 
citrate for 10 min (Reynolds 1963). Unspecific lead deposits 
were removed according to Kuo (1980) and Kuo et al. 
(1981). The ultrathin sections were examined in a Philips EM 
201 microscope at 40 or 60 kV. 
The semithin sections were stained with toluidine blue 
after partial removal of Spurr's resin in a saturated 
solution of sodiumhydroxide in ethanol (Lane and Europe 
1965), and examined in the light microscope. 
RESULTS 
The characteristic features of each ganglion are 
described separately. The order followed is, from distal to 
proximal (Fig 1): lamina ganglionaris (LG); optic chiasm I 
(OC I); medulla externa (ME); interneurons (IN) with the 
medulla externa X organ (МЕХ); the optic chiasm II (ОС II) 
Fig 2 A. 
Transverse section through an ommatidium at about halfway 
the rhabdom. The rhabdom consists of microvilli originating 
from the retinula cells and arranged in layers. Within a 
layer the microvilli are oriented in one direction. Between 
the layers the microvilli are oriented perpendicular to each 
other. Note the asymmetrical structure of the ommatidium. 
The retinula cell that is neighboured on each side by a 
crystallin cone root is defined as retinula cell 1, the 
large cell as retinula cell 7. The, unpigmented, axon of 
retinula cell 8 is not seen. Osmium tetroxide, uranyl 
acetate and lead citrate, хЗОбО. С crystalline cone root; Rh 
rhabdom; 1 to 7 retinula cells; Rp reflecting pigment cells. 
Fig 2 B. 
Cross section of the retinula axon fascicles in the 
subocular room where they are accompanied by haemolymph 
vessels. Haemolymph vessels are lined by an amorphous 
material (arrowheads) and processes of a wall cell. Osmium 
tetroxide, uranyl acetate, lead citrate, x865. Wc wall cell; 
R-Ax retinula axon fascicle ; Hae haemolylymph vessel; Gc 
glial cell. 
Fig 3. 
Low power electronmicrograph of a longitudinal section of 
the lamina ganglionaris. Arrowheads indicate axon terminals 
containing electron dense granules in the distal glial 
sheath. Osmium tetroxide, uranyl acetate, lead citrate, 
ХІ645. SOR subocular room; OCL outer cell layer; DGS distal 
glial sheath; ICL inner cell layer; SR synaptic region. 
Fig 4. 
Transverse section of the outer cell layer and retinula axon 
fascicles. Note that neurons as well as axons are enveloped 
by glial cell processes. Osmium tetroxide, uranyl acetate, 




with the medulla interna (MI), and the medulla terminalis 
(MT) and the medulla terminalis X organ (MTGX). Some 
remarkable structures that were generally encountered in the 
optic ganglia are described in a final paragraph. 
Lamina ganglionaris (LG) 
Figs 2 A,В give an impression of the distal zone 
of the ommatidia. The light perception organ of each 
ommatidium consists of two rhabdomes. The larger one, found 
most proximally, is formed by the seven retinula cells R1 to 
R7. The smaller rhabdome is part of the eight retinula cell 
(R 8). It is situated distally from the R1-R7 rhabdome. The 
retinula cells R^R 7 have pigmented processes. The R 8 
process contains no pigment granules and therefore is 
seldomly observed. Retinula cell processes, grouped in 
fascicles, penetrate the basal lamina and cross the 
subocular room (SOR), where the pigmentation progressively 
diminishes. Instead of pigment granules, lipid droplets are 
found. Every fascicle contains the processes of several 
ommatidia, and is surrounded by glial cell processes. Many 
haemocytes are found in the SOR. 
The LG comprises five distinct layers (Fig 3). 
From distal to proximal these are: the outer cell layer 
(OCL), the distal glial sheath (DGS) that embeds the inner 
cell layer (ICL), the synaptic region (SR), and the proximal 
glial sheath (PGS, Hanström 1924; Hamori and Horridge 1966 
a). Directly proximally of the SOR the OC is located (Fig 3, 
Fig 4). This zone comprises three to four cell layers and 
contains monopolar neurons and glial cells, the processes of 
which separate the OCL neurons and form the DGS.In between 
the OCL interneurons, axon bundles are present that run to 
Fig 5. 
Glial cells and their processes in the distal glial sheath. 
The cytoplasm contains numerous mitochondria and vacuoles. 
The vacuoles also occur in, and characterize, the glial cell 
processes. Osmium tetroxide, uranyl acetate, lead citrate, 
ХІ0350. Gc glial cell; Gcp glial cell process; R-AX retinula 
axons. 
Fig 6 A-B. 
Neurons of the outer cell layer (Fig 6 A) and inner cell 
layer (Fig 6 B). Both neurons show active segregating Golgi 
regions. Both neurons are enveloped by glial cell processes. 
Osmium tetroxide, uranyl acetate, lead citrate, Fig 6 A 
X21940; Fig 6 В x21245.M mitochondrium; Go Golgi complex; 
Gep glial cell processes; g granules; Rer rough endoplasmic 
reticulum; N nucleus; 
Fig 7. 
Inner cell layer neuron with active Golgi comlex and 
granules reagregating to form multivesicular bodies. Osmium 
tetroxide, uranyl acetate, lead citrate, x20365. N nucleus; 
Go Golgi complex; Mvb multivesicular body. 
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the SR (Fig 4). Both neurons and axons are surrounded by 
glial cell processes. The glial cells contain many 
mitochondria (Fig 5) and an extensive rough endoplasmic 
reticulum (RER). This may be vesicular or tubular. Ribosomes 
occur as polysomes. Golgi complexes are seldomly present. 
Glial cell processes are characterized by abundant 
vacuolization. The neuron cell somata in the OCL (Fig 6 A) 
as well as in the ICL (Fig 6 B) contain vesicular RER, 
polysomes, mitochondria and Golgi complexes. The latter 
often show signs of active segregation of small dense-core 
granules. Some granules may occur as aggregates and probably 
give rise to multivesicular bodies that eventually look like 
lysosomal structures (Fig 7). 
The DGS separates the ICL from the OCL and SR. It 
is a loose and spongy type of glia containing haemolymph 
vessels and axon fascicles. The fascicles contain proximally 
of the ICL a fixed number of axons (13) and form the pseudo-
optic cartridge (Fig 8). In this region, proximally from the 
ICL a massive number of axonterminals containing electron 
dense granules is present (Fig 8, Fig 9 A, c.f. Fig 9 B). 
Either large or small granule containing axons are present. 
Exocytosis of granule contents into the extracellular 
compartment is observed. Synaptic contacts between these 
granule containing terminals are present (Fig 9 A). 
The ICL is one cell layer thick. It contains 
neurons and glial cells with the same ultrastructure as 
described for the OCL. 
Fig 8. 
Transverse section of a pseudo optic cartridge in the distal 
glial sheath. The number of axons (13) is characteristic for 
the fascicles proximal from the inner cell layer. Arrowheads 
indicate axon terminals containing electron dense granules. 
Osmium tetroxide, uranyl acetate, lead citrate x7375. Hae 
haemolymph vessel; Gcp glial cell processes; Рос pseudo 
optic cartridge. 
Fig 9 A-B. 
An image of the axon terminals in the distal glial sheath 
(Fig 9 A), compared to the sinus gland (Fig 9 B). Although 
the resemblance is high, the terminals in the distal glial 
sheath show two characteristic features; the presence of 
synapses between the terminals (Fig 9 A arrowhead) and the 
presence of glial cell processes between terminals. Osmium 
tetroxide, uranyl acetate, lead citrate, Fig 9 A ХІ9312; Fig 
9 В X21135. 
Fig 10 A 
Transverse section of the distal optic cartridge. It 
contains four retinal endings (1-4). The large arrowhead 
indicates a contact between the retinal endings 1 and 2. The 
small arrowheads indicate granule containing axon terminals. 
Osmium tetroxide, uranyl acetate, lead citrate, x7105. Gly 
glycogen; DGS distal glial sheath. 
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The SR is a bilayered structure where the retmula 
cell processes end and transfer their information to inter-
neuronal axons that come from the OCL and ICL (Hamon and 
Horndge 1966 a,c; Hafner 1973, 1974; Nassel 1975, 1977). 
In transverse section the bilayered structure is 
recognizable from the presence of four or three retinula 
endings (RE), respectively (Fig 10 A,B). The retinula 
endings contain granular material, probably glycogen, and 
surround an area where nervous fibres and granule containing 
endings are found. These elements constitute the optic 
cartridge. The optic cartridge is one functional unit 
separated from other optic cartridges by glial cell 
processes. Granule containing axons are also located outside 
the cartridge but closely connected to it (Fig 11). The 
granule containing axon terminals, inside and outside the 
opticcartridge, are of two types as is apparent from the 
granular size. Several types of specialized cell-to-cell 
contacts are found. Synapses involving one, two or three 
postsynaptical axons are apparent. The latter is described 
as tnadic synaps by Hafner (1974). The side of the RE's 
facing the central area of the optic cartridge show synaptic 
contacts with the axons of OCL and ICL neurons. The RE and 
the OCL and ICL axons may act as presynaptic as well as 
postsynaptic element. Granule containing axons contact the 
RE synaptically but they may also invaginate the RE by means 
of spines (Fig 12 A,B). In this area exocytosis of granule 
contents is not observed. 
The PGS is of the same structure as the DGS (Fig 
13). Longitudinal axon fascicles and haemolymph vessels form 
the network that supports the glial cells and their 
Fig 10 В 
Transverse section of the proximal optic cartridge. It 
contains three retinal endings (1-3). The arrowhead 
indicates a granulated axon terminal. Osmium tetroxide, 
uranyl acetate, lead citrate, x7080. Gly glycogen. 
Fig 11. 
Detail of a retinular axon ending showing the spatial 
relation of the ending with axon terminals carrying electron 
dense granules. The arrowhead indicates an exocytosis 
figure. Osmium tetroxide, uranyl acetate, lead citrate, 
ХІ4990. Axt axon terminal; Re retinular axon ending. 
Fig 12 A-B. 
Retinular axon endings showing signs of information input 
through synapses or otherwise. The retinular ending in Fig 
12 A is intensity invaginated by spines (*) one of which 
carries electron dense granules. The arrowhead indicates an 
"en passant" synaptic contact of an axon with the retinular 
ending. Fig 12 В shows an axon containing electron dense 
granules making synaptic contact to the retinular ending. 
Osmium tetroxide, uranyl acetate, lead citrate , Fig 12 A 
ХІ3375; Fig 12 В x32155. Ax axon; Sp spine; Re retinular 
endings; S synaps. 
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processes. In the distal region of the PGS. just beneath the 
SR, axons containing electron dense granules are found in 
nearly the same configuration as in the DGS just above the 
SR. Also in the PGS, a cell type is found reminiscent of the 
dense-core granule producing neurons of the OCL and ICL. It 
is embedded in glial cell processes and its cytoplasm is 
very osmiophylic, which gives these cells a conspicuously 
dark appearance in the electron microscope (Fig 13). An 
axonal process from these cells has never been observed. 
The optic chiasm I (OC I) 
The first optic chiasm (OC I) forms a more compact 
structure than the PGS (Fig 13). Haemolymph vessels limited 
by wall cells, axon fascicles, glial cells and a secretory 
cell type, that we suppose to be an interneuron, are the 
most prominent elements of the OC I. A structural 
organization, with the haemolymph vessel as the central 
element, is apparent. In connection with this vessel, one or 
two, occasionally more, glial cells occur, which are 
accompanied by one or two putative interneurons (Fig 13, Fig 
14). Processes of the glial cells completely surround the 
interneurons, the individual axons, as well as the axon 
fascicles. Depending on the height of the section in the OC 
I this unit may have a more condensed or a looser appearance 
(c.f. Fig 13 vs. Fig 14). At the transition of LG to OC I 
some axon terminals are found, mainly at the side of the 
PGS. The frequency of their presence is however much lower 
than in the distal part of the PGS. The cytoplasm of the 
Fig 13 
Low power electronmicrograph from the transition of the 
proximal glial sheath to the optic chiasm I. Both regions 
contain neuronal perikarya and glial cells. Axons and axon 
terminals are enveloped by glial cell processes. In the 
proximal glial sheath some axon terminals with electron 
dense granules are apparent (arrowheads). The neuron in the 
lower left hand corner is shown in detail in Fig 15. Osmium 
tetroxide, uranyl acetate, lead citrate, x3975. PGS proximal 
glial sheath; OC I optic chiasma I; Ax Axon fascicle; Gc 
glial cell; Neu neuron; Hae haemolymph velsel. 
Fig 14 
The optic chiasm in cross section on a different height as 
is shown in Fig 13. The same cellular and axonal elements 
are present but the packing density is different. Osmium 
tetroxide, uranyl acetate, lead citrate, x3520. Ax axon 
fascicle; Neu neurons. 
Fig 15 
Detail of the marked neuron (*) in Fig 13, showing an active 
Golgi complex and a membrane whirl, both signs for an active 
secreting cell. Osmium tetroxide, uranyl acetate, lead 
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interneuron cell somata contains well developed and granule 
segregating Golgi complexes. The granules produced are dense-
cored (Fig 15). They resemble the small granule type found 
in the LG. The RER of these cells has vesicular as well as 
tubular elements. Mitochondria are small. No axon is 
observed. 
Medulla externa (ME) 
In light microscopic longitudinal sections of the 
optic ganglia the ME reveals a layered structure (Hanström 
1924; Elofsson and Klemm 1972; Chapter II Part I). In the 
distal layer of the ME structures resembling the RE of the 
SR optic cartridges are found (Fig 16). They contain 
granular inclusions reminiscent of glycogen. A rod is 
present (Hafner and Tokarski 1978) and the mitochondria 
contain densely arranged cristae. The synaps density is very 
high (Fig 17). The triadic synaps type is present. In the 
very distal part of the ME, at the border of the ME and OC 
I, axon terminals containing electron dense granules in 
close structural relation with the RE8 are present (Fig 18 
A). The impression is gained that several granule types 
occur. The RE is invaginated by spines and for some of these 
it is clear from the presence of synaptic vesicles and 
membrane thickenings that they are presynaptic to the RE8 
(Fig 18 B). 
Fig 16. 
The retinularaxon ending of the retinula cell 8 distal in 
the medulla externa. It contains glycogen and, occasionally, 
a rod-like inclusion is seen. Mitochondria are large. 
Osmiumtetroxide, uranylacetate, leadcitrate, ХІ2400. Re8 
eighth retinular axon ending; R rod-like inclusion; M 
Mitochondrion. 
Fig 17. 
The organization of the neuropil around an ending of the 
ending of the eight retinular cell axon. Conspicious 
features are the high synaps density (small arrowheads) and 
the presence of granule containing axon terminals (larger 
arrowheads). Osmiumtetroxide, uranylacetate, leadcitrate, 
ХІ2355. Gly glycogen; Re8 eighth retinular axon ending. 
Fig 18 A. 
The region of the medulla externa bordering the optic 
chiasma I and the proximal glial sheath (e.f. Fig 1) 
Retinular axon endings and axon terminals with electron 
dense granula occur with a high frequency. Osmiumtetroxide, 
uranylacetate, leadcitrate, x4560. Re8 eighth retinular axon 
ending. 
Fig 18 B. 
Detail of an eight retinular axon ending showing spines (*) 
invaginating the ending. Osmiumtetroxide, uranylacetate, 




Throughout the ME axon terminals containing 
electron dense granules are present. One class of axon 
terminals contains crystalline granules. These terminals are 
invaginated by spines (Fig 19) and show signs of exocytosis. 
This process likely is preceded by decrystallization of the 
granule contents since we observed that the contents of 
exocytotic figures have lost their crystal array and are 
amorphous in appearance. Also at the distal side of the ME a 
tract of axons containing electron dense granules is 
present. It contains two axonal types as judged from the 
granule size. In the surrounding glia axon terminals are 
found (Fig 20). It is supposed that this tract is part of 
the MEX-SG tract, since observations on serial semithin 
toluidine blue sections (results not shown) demonstrate the 
presence of a small tract originating in the МЕХ and ending 
in the SG. 
The interneurons of medulla externa (ME) and medulla interna 
(MI) with the medulla externa X organ. 
The neurons surrounding the ME and MI (Chapter I 
Part Dhave been characterized as globuli cells at the light 
microscopical level (Bullock and Horridge 1965). We could 
confirm this at the ultrastructural level. The nucleus is 
surrounded by a very thin layer of cytoplasm. All neurons 
are enveloped by glial cell processes. Between the 
interneurons, extended and collapsed haemolymph vessels are 
Fig 19. 
Neuropil region of the medulla externa containing 
crystalline and dense-core granula (arrowheads). The arrows 
indicate exocytotic figures of the crystalline granula, the 
asterisk an invaginating spine. Osmiumtetroxide, 
uranylacetate, leadcitrate, χ 20400. e.g. crystalline 
granules. 
Fig 20. 
A small axonal tract in the distal region of the medulla 
externa. Peripherally the axons contain electron dense 
granules. In the lower right hand corner an axon terminal is 
present (*). Osmiumtetroxide, uranylacetate, leadcitrate, 
X7115. 
Fig 21. · 
Low power electronmicrograph of the neurons of medulla 
externa and medulla interna. Osmiumtetroxide, uranylacetate, 
leadcitrate, χ 2000. Neu neurons; Hae haemolymph vessel. 
Fig 22 A-B. 
Some of the neurons of medulla externa and medulla interna 
have an osmiophilic cytoplasm. At higher magnification these 
neurons appear to possess active segregating Golgi complexes 
and electron dense granules (Fig 22 B). The marked cells 
( in Figs 22 A and В are identical. Osmiumtetroxide, 
uranylacetate, leadcitrate, Fig 22 A x2000; Fig 22 В χθθΟ. 
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present (Fig 21). Some of the interneurons appear to have a 
more osmiophylic cytoplasm than others (Fig 22 A).The 
neurons with osmiophylic cytoplasm contain Golgi complexes 
segregating dense core granules. The mitochondria of these 
cells are predominantly found at the outer periphery of the 
cytoplasm. Ribosomes occur as polysomes or attached to the 
endoplasmic reticulum. The RER is vesicular as well as 
tubular (Fig 22 B). 
At the transition of ME to MI granulated axon 
terminals occasionally are found in between the 
interneurons, but never between the МЕХ cells. They are 
located at the laterorostral side of the optic ganglia and, 
thus, any relationship with the sinus gland is excluded. 
These axon terminals are always found in the neighbourhood 
of, or even in, haemolymph vessels, the latter may be 
extended or collapsed (Figs 23 A,B). The substances released 
from these axon terminals may have an endocrine function but 
paracrine interactions cannot be ruled out. However, no 
exocytosis has been observed in these terminals. 
Interspersed among the globuli cells large neurons 
are present that show all signs of active neuroendocrine 
cells. Together these neurons constitute the МЕХ (Fig 1 
Chapter 1 Part 1; Fig 24). These neurons are of the type I 
neuroendocrine cells described by Van Herp and Van Buggenum 
(1979). The Golgi areas are extensive and form large 
electron dense granules. Occasionally multivesicular bodies 
and lysosome like structures are found. The RER is abundant 
and largely tubular. It forms a more or less concentric 
array round the nucleus. Ribosomes are present as polysomes. 
The nucleus contains one or two nucleoli and the chromatin 
is not condensed (Fig 24). Glial cell processes envelope the 
МЕХ cells and form branched invaginations: the 
trophospongium (Fig 25).Occasionally large vacuoles or 
invaginations without noticeable contents are present (Fig 
24, c f . the MTGX cells in Fig 32). 
Fig 23 A-B. 
Distal from the medulla externa X organ a region is found 
where axon terminals produce in haemolymph vessels (Fig 23 
A, arrows) or are found in between the neurons but in the 
vicinity of, open or collapsed, haemolymph vessels (Fig 23 
B, arrow). The asterisks in Fig 23 A indicate collapsed 
blood vessels. Osmiumtetroxide, uranylacetate, leadcitrate, 
Fig 23 A x2Ö00, Fig 23 В x4060. Neu neurons; Hae haemolymph 
vessel; Gc glial cell; Gcp glial cell processes, ME medulla 
externa; N nucleus. 
Fig 24. 
Medulla externa X organ cells interspersed among the neurons 
of medulla externa. These cells have large nuclei and a 
broad zone of cytoplasm that contains numerous Golgi 
complexes and electron dense granules. Occasinally lysosome-
like structures are present. Osmiumtetroxide, uranylacetate, 
leadcitrate, ХІ400. Neu neurons; МЕХ medulla externa X organ 




The optic chiasma II (OC II)with medulla interna (HI) and 
medulla terminalis (MT). 
The OC II connects the ME with the MI. It is a 
dense fibrilar structure where axons interwave with 
haemolymph vessels (c.f. Chapter V Part I). In addition to 
the glial cells, one type of cells containing Golgi 
complexes segregating dense core vesicles is present. It is 
not clear whether this cell type is neuronal, since axons 
have never been found. The cell soma however, is surrounded 
by glial cell processes and therefore a neuronal nature is 
indicated. The axons in the OC II are also enveloped by 
glial cell processes. Some of them contain electron dense 
granules (fig 26 A,B). 
The structural organization of MI and MT differ in 
that the MI has a regular appearance as in the ME and the 
LG. The MT neuropil however is irregular in its morphology 
and contains numerous tracts and synaptic areas. Haemolymph 
vessels are present but less frequent than in the LG, the 
ME, or the MI. Axons with or without electrondense granules, 
and glial cell processes form a dense neuropil (Fig 27). 
Synapses are frequently observed, also the triadic type of 
axonal contact. From the presence of presynaptic clear 
vesicles and the synaptic membrane thickenings it is 
inferred that the two involved axonal types, non granulated 
and granulated, both may act as as pre- as well as 
postsynaptic elements (Fig 28). The axonal structures that 
contain electron dense granules and are involved in synaptic 
contacts often represent axon terminals: they lack 
neurotubules and are homogeneously filled with granules (Fig 
28, central element). Two combinations of granules are 
present within the same axon terminal. The first combination 
Fig 25. 
Detail of the cytoplasm of a medulla externa X organ neuron. 
The glial cell processes invaginate the cytoplasm to form a 
trophospongium. Osmiumtetroxide, uranylacetate, leadcitrate, 
ХІ0065. Rer rough endoplasmic reticulum; Ly lysosome-like 
structure; g granules; Go Golgi complex; Tr trophospongium. 
Fig 26 A-B. 
The structure of the optic chiasm II. Neurons are situated 
between the axonal tracts connecting the medulla externa 
with the medulla interna. They are surrounded by glial cell 
processes. Axon terminals are situated in the vicinity of 
the neuron (large arrowheads, Fig 26 B) Osmiumtetroxide, 
uranylacetate, leadcitrate. Fig 26 A x2035; Fig 26 В x4560. 
Gc glial cell; Neu neuron; ОС II optic chiasm II; Hae 
haemolymph vessel; g granules. 
Fig 27. 
A representative image of the neuropil of the medulla 
terminalis. The structures marked by an asterisk are glial 
cell processes. Osmiumtetroxide, uranylacetate, leadcitrate, 
x7415. MT medulla terminalis. 
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comprises dense core granules and small clear vesicles. The 
second combination, only occasionally found, contains large 
electron dense granules, small dense core granules, and 
small clear vesicles (Fig 28, 29). The synaptic contacts in 
which one of the elements is a granule containing fibre, are 
predominantly found in the region ventrally from the 
hemiellipsoid body (HEB). Here, the axons of the endocrine 
MTGX neurons, forming the tract to the sinus gland, branch 
and give rise to collateral fibres and small processes (Fig 
30). The size of the large, electron dense granules suggests 
that the hyperglycemic hormone is involved (Kallen 1985). 
The abundance of osmiophylic mitochondria gives this region 
a dark appearance. 
The medulla terminalis X organ (MTGX). 
The endocrine neurons of the MTGX show in general 
the same characteristics as the МЕХ cells (Fig 31). 
Additional aspects are the occurence of different granule 
sizes and differences between cells that apparently produce 
the same granule type. This may indicate a cyclic secretory 
activity of these neurons (Shivers 1967), but definitive 
conclusions concerning the dynamics of these neuroendocrine 
Fig 28. 
An axon ending in the medulla terminalis that contains two 
types of secretory granules, marked by 1 and 2. 
Osmiumtetroxide, uranylacetate, leadcitrate, x7415. MT 
neuropil of the medulla terminalis. 
Fig 29. 
An axon ending in the neuropil of the medulla terminalis 
containing three types of secretion granules, marked 1-3. 
Osmiumtetroxide, uranylacetate, leadcitrate, x22540. MT 
neuropil of the medulla terminalis. 
Fig 30. 
Neuroendocrine tracts from the medulla terminalis X organ to 
the sinus gland in the neuropil of the medulla terminalis. 
One of the axons branches (arrowheads) and gives rise to a 
complex network of secondary and tertiary branches that make 
contact with other neuronal processes. Osmiumtetroxide, 
uranylacetate, leadcitrate, x4250. Τ axon tract; MT medulla 
terminalis neuropil. 
Fig 31. 
One of the distal medulla terminalis X organ cells, next to 
the neurons of medulla interna. It is enveloped by glial 
cell processes and shows extensive vacuolization, or 
invagination, in the outer cytoplasmic layers. A small tract 
and a haemolymph vessel are present. Osmiumtetroxide, 
uranylacetate, leadcitrate, ХІ375. Neu neurons of the 
medulla interna; Gcp glial cell processes; Τ tract; MTGX 
neuroendocrine cell of the medulla terminalis X organ; Hae 




cells cannot be made as long as no morphometric analysis has 
been performed (Kallen 1985). All MTGX cells are surrounded 
by glial cell processes, that form a well developed 
trophospongium (Fig 32 B). Two types of glial processes are 
found. The first one envelopes cells and axonal processes, 
is osmiophylic in character and contains organelles, mostly 
mitochondria and polysomes. In the spaces between the 
endocrine neurons a vacuolized glial process is found with a 
structure reminiscent of the glial cell processes m the DGS 
and PGS (Fig 31). In the outer peripheral zone of the 
Fig 32 A,B,C. 
Exocytosis at the cell membrane of the perikaryon. Neurons 
of the medulla externa and medulla interna (Fig 32 A) as 
well as neuroendocrine cell bodies (Fig 32 B, C) show this 
phenomenon (arrowheads). Osmiumtetroxide, uranylacetate, 
leadcitrate. Fig 32 A x28900; Fig 32 В x21770; Fig 32 С 
x23860. N nucleus; Gcp glial cell proces; Tr trophospongium; 
Rer rough endoplasmic reticulum; M mitochondrium, MTGX 
medulla terminalis X organ. 
Fig 33. 
Detail of the vacuolization of the neuroendocrine cells of 
the medulla terminalis X organ. Osmiumtetroxide, 
uranylacetate, leadcitrate, x21480. MTGX neuron of the 
medulla terminalis X organ; Vac vacuole. 
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cytoplasm of MTGX neurons, large, apparently empty, 
invaginations are frequently present (Fig 31, 33). 
Occasionally these spaces are found to be continuous with 
the intercellular space. 
Additional observations. 
Exocytosis from the cell soma 
Throughout the optic ganglia exocytosis of granule 
contents from the cell soma is observed. This feature is 
observed in the endocrine neurons from the MTGX and the МЕХ 
as well as in the globuli type neurons that produce the 
dense core granules (Fig 32). A paracrine function for the 
contents of these granules is most probable since these 
products are released into the intercellular space. Target 
cells for these substances may comprise glial cells as well 
as neurons (Rougon et al. 1983; Buma 1985). 
Unusual cell-to-cell contacts. 
In all areas of the optic ganglia cytoplasmic 
contacts between neurons and glial cells have been observed: 
the cell membranes of the two cells making the contact are 
fused and thus form a seemingly open cytoplasmic connection 
Fig 34 Α-C). The region bordering such a junction shows a 
cytoplasmic structure that either appears to be empty (Fig 
34 A) or has an ultrastructure that is intermediate between 
the ones observed in the cytoplasms of the participating 
cells (Fig 34 C). Occasionally a similar connection between 
two neurons is observed, with the enveloping glial proces as 
intermediate (Fig 34 B). In addition to these unusual cell 
to cell contacts, desmosomes occur (Fig 35). Gap junctions 
are not found. 
Fig 34 A-C. 
Unusual cell to cell contacts between neurons and glial cell 
processes. The contacts occur in the medulla externa and 
medulla interna neurons (Fig 34 Α-B) as well as endocrine 
neurons (Fig 34 C) and are indicated by the larger 
arrowheads. Osmiumtetroxide, uranylacetate, leadcitrate. Fig 
34 A X14120; Fig 34 В x7450; Fig 34 С ХІ7530. Neu neuron; 
Gcp glial cell process. 
Fig 35. 
A desmosome-like structure between a neuron and glial cell 
process. Osmiumtetroxide, uranylacetate, leadcitrate, 
ХІ3485. Neu neuron; Gcp glial cell process; Ax axon. 
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DISCUSSION. 
The here reported observations on the basic 
organization of the ommatidia and LG in Astacus 
leptodactylus conform to the descriptions of these organs by 
Hanström (1924), Hamori and Horridge (1966 a,b,c,d), 
Hafner (1973, 1974), and Nassel (1975, 1976, 1977) for 
several other decapod Crustacea (see for reviews Sandeman 
1982; Shaw and Stowe 1982). This indicates that the 
structure of the optic apparatus and optic gang.lia, reported 
here for juvenile specimens of A. leptodactylus, is 
representative for decapod Crustacea in general. 
The lamina ganglionaris and optic chiasm I 
At the ultrastructural level we could distinguish 
two types of neurons in the OCL and ICL. One type is 
characterized by the presence of Golgi complexes producing 
dense core granules, the other by the absence of these 
structures. The presence of neurons with signs of secretory 
granule formation has also been reported by Hafner (1973) 
for the OCL and ICL of a Procambarus. However, he could not 
correlate the granulated neurons with one of the, in the SR 
characteristically branching, interneurons from the OCL or 
ICL. Thus, it is not clear whether these cells are to be 
regarded as interneurons or as a distinct class of neurons. 
On this point the ICC findings presented in Part I Chapter 
II are not conclusive either, since the immunoreactive cells 
in the OCL and ICL showed no axon. The relatively low number 
of these cells and the putative peptidergic character of the 
elementory granules (see Chapter IV Part I) indicate a 
function different from neurotransmission, although the 
latter cannot be excluded (HÖkfelt et al. 1980; Krieger 
1983). 
In the optic lamina of Limulus polyphemus 
(Arthropoda, Chelicerata) Fahrenbach (1981) detected 
centrifugal peptidergic fibres that invaginate the ommatidia 
with structures identical to the synaps like cell-to-cell 
contacts described by Roubos et al. (1983). Mancillas and 
Brown (1984) and Mancillas and Selverston (1984) showed 
these fibres to be immunoreactive to anti-Substance P. 
Although anti-Substance Ρ immunoreactivity is present in A. 
leptodactylus, in somata of the OC I and fibres in the ME 
and MI (Van Deijnen, unpublished), no indication for the 
presence of centrifugal peptidergic fibres to the ommatidia 
was found. 
The massive occurence of granule carrying axon 
terminals in the DGS and PGS has not been described before. 
Shivers (1967), in the description of the optic ganglia, 
mentions the presence in the LG of a few fibres containing 
elementory granules. The presence of axon endings is not 
mentioned although they can be distinguished in a micrograph 
presented in this study (Fig 5 in Shivers 1967). The 
presence of axon terminals in the DGS and the PGS of A. 
leptodactylus in such a high frequency raises questions 
about the function of the glial layers and the character of 
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the spaces between the glial cell processes. Until now, the 
function of the DGS and PGS has been considered the electric 
isolation of the SR (Hamori and Horridge 1966 a; Nassel 
1975), a supposition that still needs experimental 
confirmation (Atwood 1982). If one assumes that the spaces 
of the DGS and the PGS are part of the haemolymph 
compartment, it is well possible that the axon terminal 
regions in the DGS and the PGS represent a second 
neurohaemal region in the eyestalk, in addition to the sinus 
gland. However, data presented by Sandeman (1967 b) and the 
results from Chapter V Part I demonstrate that the 
intraganglionic haemolymph compartment in the optic ganglia 
is entirely restricted to the vascular system (for further 
discussion see Chapter V Part I). 
The presence of two types of granules in the SR, 
large electron dense granules and small dense cored 
granules, as found in this study, has been described in 
decapod Crustacea: Homarus vulgaris (Hamori and Horridge 
1966 a,b), Pandalus borealis (Nassel 1975), and 
Pacifastacus leniusculus (Elofsson et al. 1977). Hafner 
(1973) only described the large electron dense granules in a 
Procambarus species. The granule carrying axons in the SR 
have been described as terminals from the tangential fibres 
of which the somata are supposed to be located in the PGS or 
the OC I (Hafner 1973; Nassel 1977). Shivers (1967) has 
mentioned granulated fibres in the SR of Orconectes nais, 
but no axon endings. 
In A. leptodactylus the axon terminals in the SR 
are found in close structural relation with the optic 
cartridges. The observation that these terminals are present 
within as well as outside the optic cartridge suggests that 
not all these axons have the same function. Elofsson et al. 
(1977, P. leniusculus) have considered the small dense cored 
granules in the SR to be catecholaminergic in nature. This 
conclusion was based on results obtained with formaldehyde 
induced fluorescence. The corresponding somata were 
localized in the distal part of the interneuron region. 
Indeed, in A. leptodactylus we find in this region dense 
cored granules producing neurons. However, as is indicated 
by the immunoreactivity present in this region (Chapter II 
Part I), the granule carrying neurons may be peptidergic as 
well. The same may hold for the fluorescent layers detected 
by Elofsson et al. (1977) in the SR of P. ieniuscuius that 
are identical to the immunoreactive zones in A. 
leptodactylus. Thus, as has already been argued in Chapter 
II Part I, the aminergic and peptidergic systems in the LG 
are at least closely related, while, in addition, the 
ultrastructural data indicate that the colocation of these 
two classes of substances in the same neuronal element is 
likely. 
The medulla externa with the interneurons and the optic 
chiasm II. 
The axonal structures that are found distally in 
the МЕХ and that resemble the retinal endings from the R 1 to 
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R7 retinal cells in the SR correspond, in structure and 
location, with the endings described for the Re retinula 
cell in an Orconectes spec, and a Procambarus spec, as 
described by Hafner and Tokarski (1979). In A. leptodactylus 
the R8 ending differs from the R'-R7 endings in that it 
contains a rod-like inclusion. In an Orconectes spec, a 
Procambarus spec. (Hafner and Tokarski 1978) and in Pandalus 
borealis (Nassel 1975) rod-like inclusions are also found 
in the R1-R7 endings. For H. vulgaris no such organelle has 
been described (Hamori and Horridge 1966 a). The nature of 
the neuronal elements and their structural organization 
around an Re ending are similar to the structure of the 
optic cartridge found in the SR although in a reversed form. 
The centrally located Re ending is surrounded by axons of 
interneurons. The number of synapses in such an area can be 
high. The function of the R8 retinula cell in light 
perception is not clear but there are indications that it is 
related with far blue or ultraviolet perception, or with the 
detection of polarized light (Shaw and Stowe 1982). 
Elementary granules with a crystalline core, as 
observed in the ME of A. leptodactylus, are common in 
neuroendocrine tissues (Norman 1976; Maddrell and Nordmann 
1979). In Crustacea they have been described by Knowles 
(1965) and Shivers (1966). Reasons for crystallization of 
granule contents are not well understood, but it is assumed 
that packing of the contents plays a role (Maddrell and 
Nordmann 1979). In this respect it is of interest that, in 
A. leptodactylus the release of the granular contents 
involves decrystallization of the core. Norman (1976) has 
described exocytotic figures with a crystalline core, while 
the contents of non-exocytosing elementary granules were 
amorphous in structure. Therefore, more than one mechanism 
may be involved in crystallization of granule contents. It 
even can not be ruled out that the crystalline elementary 
granule reflects a fixation artefact (Maddrell and Nordmann 
1979) . 
The presence of dense-core granule synthesizing 
neurons in the interneurons zone surrounding ME and MI has 
not been described before. The ICC results (Part I Chapter 
II) indicate that these neurons are peptidergic. They may be 
regarded as the somata that give rise to the axon terminals 
from the LG. Since these axon terminals are also described 
as aminergic (Elofsson et al. 1977), the respective neurons 
may be aminergic as well. 
A hitherto not reported aspect of the interneuron 
layer is the occurrence of axon terminals situated between 
the neuronal cell bodies and carrying large electron dense 
granules. The contents of some of these axon terminals seem 
to be released into the vascular system, which suggests a 
neurohormonal function for the substances concerned. Other 
axon terminals seem to release their products into the 
intercellular space, which indicates a paracrine function. 
The structural organization of the OC II shows the 
same arrangement as that of the OC I and therefore we 
attribute the same significance to both structures. The 
presence of putative peptidergic neurons and axon terminals 
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in a close structural relationship with the optic fibres 
will facilitate an efficient interaction between these 
elements. 
The possible origin of the electron dense secretory granule 
containing axons and axon terminals found in the lamina 
ganglionaris, the medulla externa, the medulla interna and 
the interneurons. 
The origin of the axonal endings in the LG that 
contain large electron dense granules is not clear. Although 
Hamori and Horridge (1966 a) have suggested that these 
terminals originate from large multipolar cells present in 
the PGS we consider it unlikely that neurons found in the 
PGS or OC I give rise to these fibres, since in these areas 
no perikarya were found that produce large granula. The МЕХ 
neurons are the only cells in this area of the eyestalk that 
produce large granules. Moreover, at the distal end of the 
ME a tract is present that originates in the МЕХ. It is very 
well possible that the axon terminals from the LG that 
contain large electron dense granules find their origin in 
this tract. However,since the techniques used in the present 
study are not adequate for the detection of nerve tracts, 
this supposition needs confirmation. This is the more so 
since investigators using proper techniques have never 
reported such a pathway for decapod Crustacea (Bliss and 
Welsh 1952; Bliss et al. 1954). Nerve tracts, between the LG 
and the SG have been demonstrated by retrograde cobalt 
iontophoresis starting from the SG (Andrew and Saleuddin 
1978; Jaros 197Θ). Since it is known that synaptic contacts 
do not occur in the sinus gland (Cook and Sullivan 1982), 
this demonstrates that a number of the perikarya from the LG 
have a neuroendocrine function. 
Part of the elementary granule containing neurons 
in the PGS are bipolar, as is apparent from Part I Chapter 
II. Since the tangential neurons Tan 1 and Tan 2, described 
by Nassel (1977) in the crayfish P. leniusculus are the 
only bipolar neurons known in this region, it is likely that 
the bipolar neurons of A. leptodactylus are identical to the 
Tan 1 and Tan 2 neurons. The Tan 1 and Tan 2 project into 
the LG, the SR, and into the ME but the cell somata were not 
traceable with silver impregnation. From the ramification 
pattern Hafner (1973) as well as Nassel (1975, 1977) 
concluded nevertheless that they are located in the PGS or 
OC I. The pattern of anti-FMRFamide immunoreactivity in the 
SR and ME of A. leptodactylus coincides with the location 
and the projection areas of the Tan 1 and the Tan 2 neurons 
in a Procambarus spec. (Hafner 1973), and Pandalus borealis 
(Nassel 1977) and this strengthens the supposition that 
the Tan 1, the Tan 2, and the granule containing neurons of 
the PGS are identical. 
In the PGS and the OC I we also have observed 
immunoreactive neurons without apparent fibres (Chapter II 
Part I). The present observations on the area where these 
cells are located do not elucidate the nature of these 
cells, although their perikarya show all the ultrastructural 
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characteristics of peptidergic neurons. Hanström (1924), 
Bullock and Horridge (1965), and Sandeman (1982) described 
the morphology of nerve tracts in this area and Seabrook 
and Nesbitt (1966) and Sandeman (1982) described projection 
fields for axons originating in the PGS and OC I. On the 
basis of these descriptions, where it is shown that the 
axons that originate in the PGS and OC I project into the LG 
and the ME and even may connect the ME with the MI, we 
expect the described peptidergic neurons to have the same 
projection fields. 
The origin of the axon terminals observed in 
between the neurons distal from the МЕХ or MTGX as possible 
site of origin. This supposition is supported by preliminary 
results from our laboratory with two different anti-
adipokinetic hormone sera, that show immunoreactive МЕХ 
cells, MTGX cells and axon terminals in the indicated area 
(Van Herp and Van Den Hurk, pers. comm.). 
The medulla interna, medulla terminalis and MTGX. 
The complex and seemingly disorderly organization 
of the MT complicates the interpretation of our observations 
on this area. In addition, the only fibres to be recognized 
with certainty are the neuroendocrine tracts from the MTGX 
to the SG. Retrograde cobalt iontophoresis (Andrew and 
Saleuddin 1978; Andrew et al. 1978; Jaros 1978) and 
anterograde Lucifer Yellow iontophoresis of the CHH cells in 
crayfish optic ganglia (Kallen 1985) showed extensive 
branching of the MTGX-SG tract in the neuropil of the MT. 
Ultrastructural observations have shown that the branching 
of endocrine fibres occurs in an area with high synaps 
density (Gorgels-Kallen 1985; this study). In synaptic 
contacts where neuroendocrine fibres are involved , the 
latter function as the postsynaptic element. This, however, 
does not neccesarily imply a unidirectional information 
stream towards the endocrine fibres, since Roubos et al. 
(1983) and Buma (1985) have concluded that there exist at 
least four different locations at the neuronal cell membrane 
at which neurochemical messengers may be liberated (true 
synaps, synaps-like structure, non synaptic release site, 
and neurohaemal axon terminal). The spines containing 
electron dense granules, that are sometimes seen as 
invaginations could represent the synaps-like structure 
described for Lymnaea stagnalis, Periplaneta americana and 
rats (Buma 1985). 
A special, structural feature in this area is the 
occurrence of two or three granule types in one axon 
terminal. This indicates that the neurons concerned have 
multiple functions (Hökfelt 1980; Krieger 1983). The 
combination of large electron dense granules and small 
haloed granules is an indication for the presence of 
different products each of which is stored in a specific 
type of granule. Such a situation has been demonstrated for 
the cow anterior pituitary growth hormone and prolactin 
producing cells (Fumagalli and Zanini 1985). 
The endocrine neurons from the MTGX and МЕХ of A. 
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leptodactylus show in general the same ultrastructure as the 
neuroendocrine cells in 0. nais (Shivers 1967), Palaemon 
paucidens (Hisano 1976) and the CHH producing neurons of A. 
leptodactylus described by Kallen (1985). On the basis of 
the immunocytochemical results (Chapter II Part I)on A. 
leptodactylus, several ultrastructural distinct cell types 
may be distinguished,including the CHH cells (Kallen 1985). 
This conclusion is supported by observations on other 
species by Hisano (1976), who distinguished several cell 
types in the MTGX of P. paucidens at the ultrastructural 
level, and by Strolenberg (1979), who described five types 
of granules in the sinus gland of A. leptodactylus. In the 
present study, though, only general features have been 
described for the neuroendocrine cells of МЕХ and MTGX. The 
present state of knowledge of the eyestalk concerning the 
structural organization of the optic ganglia and the 
participating neural elements herein, e.g. the aminergic 
neurons (Elofsson and Klemm 1972; Elofsson et al 1977), the 
peptidergic neurons and neurohormonal cells (Mancillas et 
al. 1981, Chapter II Part I), and the neuroendocrine system 
(Strolenberg 1979; Kallen 1985 a.o.), makes a detailed 
description at the ultrastructural level of МЕХ and MTGX 
cell types as well as other neurons, without knowing their 
product or function, not very efficient. This consideration 
was the main argument for starting the physiological work 
described in Part II of this thesis, where the isolation of 
neurohormones is of primary interest. 
With the acquirement of pure hormones the 
production of antisera becomes possible and, hence, the 
immunocytochemical characterization of neurohormone 
producing systems. This, in combination with the 
ultrastructural description of these neurohormonal systems 
under normal and experimental conditions and additional 
physiological data will provide an analytical system that is 
very efficient in elucidating regulatory pathways effective 
in neuroendocrine cell regulation (Kallen 1985). 
Exocytosis from cell somata. 
One of the most striking features that was encountered 
throughout the optic ganglia is the occurrence of exocytotic 
figures in the membrane of the neuronal cell body . This 
site of release for neurochemical messenger has not been 
described for the pond snail, the locust, or the rat by 
Roubos et al. (1983) or by Buma (1985). The significance of 
this proces is not known but it may be comparable to that of 
the nonsynaptic release sites (Buma 1985). In either case a 
paracrine regulatory action can be exerted on neighbouring 
cells, either neurons (Krieger 1983) or glial cells (Rougon 
et al. 1983). 
Unusual cell-to-cell contacts. 
The functional significance of the cytoplasmic 
contacts between neurons and glial cells is not understood. 
The same structure has been described by Shivers (1967) and 
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Peracchia (1981) and, to our knowledge, is only known for 
Crustacea. In the CHH perikarya of A. leptodactylus similar 
structures have been observed (Gorgels-Kallen, pers. comm.). 
Peracchia (1981) suggested that such cytoplasmic connections 
may function as communication channels and serve the 
exchange of macromolecules. Such communication is indicated 
by experiments of Grossfeld et al. (1980), who demonstrated 
dye transfer from the dye injected neuron to the surrounding 
glial cells. Dye transfer was, however, not encountered in 
the CHH cells after iontophoretic filling with Lucifer 
Yellow (Gorgels-Kallen 1985). The presence of cytoplasmic 
connections in crayfish neurons might explain the reported 
absence of gap junctions in the crayfish nervous system 
(Peracchia 1970, 1974; Peracchia and Robertson 1971; this 
study). Cuadras et al. (1985) and Aréchiga et al. (1985) 
though, give evidence for the presence of gap junctions in X-
organ neurons on the basis of freeze-etch replicas. At 
present a conclusion concerning the function of the above 
described cytoplasmic cell-to-cell contacts seems to be 
premature. 
Conclusions. 
This general survey of the ultrastructure of the 
optic ganglia of A. leptodactylus confirms the description 
of the ultrastructure of the optic ganglia of 0. nais that 
has been reported by Shivers (1967). Whereas Shivers (1966) 
described selected areas, regarded as representative for the 
optic ganglia, the here presented study concerns the 
complete optic ganglionic system. The detailed studies of 
Hamori and Horridge (1966 a,b,c,d); Hafner (1973, 1974); 
Nässei (1975, 1976, 1977) and Elofsson et al. (1977), that 
predominantly deal with the structure of the lamina 
ganglionaris in a number of decapod Crustacea, are to a 
large extend in line with our results. In this study special 
attention was paid to the putative peptidergic system that 
was detected and described by immunocytochemistry (Chapter 
II Part I). From the combined data of the immunocytochemical 
and ultrastructural studies it is concluded that newly 
discovered mechanisms of neural functioning, i.e. 
peptidergic neurotransmission, neuromodulation, and 
paracrine regulation most probably also play a role in the 





A COMBINED IMMUNOCYTOCHEMICAL AND 
ULTRASTRUCTURAL STUDY OF THE OPTICAL 
GANGLIA OF ¿stacus leptodactylus 
(Nordmann 1842) 
ABSTRACT. 
In a combined immunocytochemical and 
ultrastructural study of the optic ganglia of Astacus 
leptodactylus the peptidergic nature was demonstrated of 
neurons with the ultrastructure of neuroendocrine cells. The 
antisera used were anti-aMSH, anti-FMRFamide and anti-CCK. 
Immunocytochemistry was applied to Epon semithin sections. 
Adjacent ultrathin sections were used to study the 
ultrastructure of the immunoreactive neuronal elements. This 
approach resulted in a correlation between the observed 




In the immunocytochemical study described in Part 
I Chapter II, a number of neuronal and neuropil areas in the 
optic ganglia of Astacus leptodactylus (Nordmann 1842) were 
characterized as peptidergic. This conclusion was based on 
the immunoreactivity with antisera against vertebrate and 
invertebrate gastro-intestinal and neuropeptides. Since the 
optical ganglia of decapod Crustacea had only been partly 
investigated at the ultrastructural level, the 
immunocytochemical data for the optic ganglia of A. 
leptodactylus could only partly be correllated with 
ultrastructural observations. For that reason we examined 
the ultrastructure of the optic ganglia of A. leptodactylus 
by use of serial sections. In the description of the 
ultrastructure special attention was paid to the areas that 
appeared to be immunoreactive (Chapter III Part I). 
Comparison of the results from the immunocytochemical and 
ultrastructural studies strongly indicated that the 
immunoreactive regions of the eyestalk contained cell 
bodies, axons and axon terminals with the typical 
ultrastructure of peptide synthesizing neurons. However, 
also other neurons and axon tracts with a nonpeptidergic 
character were encountered in these regions. Therefore we 
considered it necessary to confirm the peptidergic nature of 
the neurons that showed all ultrastructural characteristics 
of an active, peptide synthesizing and transporting neuron. 
The establishment of the peptidergic nature of these neurons 
will strengthen the presence of peptidergic neuromodulation 
and neurotransmission which are supposed to play an 
important role in the nervous communication in the optic 
ganglia. 
Three antisera, already used in the 
immunocytochemical investigation, were selected: anti-Phe-
Met-Arg-Phe-NH2 (anti-FMRFamide), anti-cholecystokinin (anti-
CCK, mid portion of the molecule) and anti-amelanocyte 
stimulating hormone (anti-oMSH). These antisera evoked an 
evenly distributed, widespread immunoreactivity in the optic 
ganglia. In addition, these three sera represented the two 
fixation procedures (GPA and p-benzoquinone) used in the 
lightmicroscopical observations and therefore to be 
representative for the sum of immunoreactions described in 
Chapter II Part I. Immunocytochemistry was applied to 
semithin Epon sections. The adjacent ultrathin sections were 
used for the examination of the ultrastructure of 
immunopositive tissue components. In this way it was 
possible to obtain a correlation between observed 
immunoreactivity and ultrastructure. 
MATERIALS AND METHODS. 
Animals. 
Juvenile Astacus leptodactylus (Nordmann 1842) 
were kept as described in Chapter III Part I. Eyestalks were 
collected in stage С (Van Herp and Bellon 1978) during the 
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same postlarval stages (Stage VII or VIII) as used for the 
ultrastructural observations (Chapter III Part I). 
Fixation, embedding and sectioning. 
Eyestalks were fixed during 3 h in 2% 
glutaraldehyde in 0.1M sodiumcacodylate/HCL (pH8) with 0.2M 
sucrose (total osmolarity 610 mOsmol). During fixation, 
cuticle, muscle and connective tissue were removed as far as 
possible. After fixation, the tissue was rinsed overnight in 
buffer at 4° С with one change and dehydrated in a graded 
ethanol series. Embedding followed in Epon 812 (Luft 1961). 
The blocks were sectioned as described in Chapter III Part 
I. 
Immunostammg of semithm sections. 
Epon was partially removed from semithin sections 
m absolute ethanol saturated with sodium hydroxide (Lane 
and Europe 1965) during 20 mm. After rinsing m ethanol 
(100%) inhibition of endogenous peroxidase was carried out 
with absolute methanol and Tris buffered saline (TBS 0.05 M 
Tris/HCl, pH 7.2) containing 0.0125 % H 20 2. Slides were 
brought to TBS via a graded ethanol series. 
Immunocytochemical staining followed the peroxidase anti-
peroxidase (PAP) method according to Sternberger (1979). 
Most suitable dilutions for the primary antiserum were found 
to be 1:2000 for anti-FMRFamide, 1:2000 for anti-aMSH and 
1:4000 for anti-CCK. Other immunochemicals used were the 
same as in Part I Chapter II, in the same dilutions. 
However, TBS was used as dilution medium for all 
immunocytochemicals. After visualization of immunoreactivity 
with 3,3'-diaminobenzidine (DAB) slides were rinsed in 
distilled water and dried before examination. Since control 
incubations described in Chapter II Part I have demonstrated 
the method specificity of the three primary antisera and, in 
addition, no novel immunoractive neuronal elements were 
encountered, no method specificity tests were performed in 
this study. 
Fig 1 . 
Anti-FMRFamide immunoreactivity in the proximal glial sheath 
of the lamina ganglionans. The three cells marked with 
arrowheads are immunoreactive though very weak and not 
evident from the photograph. Semithin Epon section, x900. OC 
1 optic chiasma I; PCS proximal glial sheath. 
Fig 2 A-C. 
Ultrathin section of the three cells that are marked in Fig 
1. Golgi stacks are indicated with an arrowhead in Fig 2 A 
and are shown in detail in Figs 2 В and 2 C. In Figs 2 В and 
2 С secretory granules are indicated by arrowheads. 
Uranylacetate, leadcitrate, Fig 2 A x4200; Fig 2B x21.500; 











Counterstaining of the ultrathin sections. 
Ultrathin sections·were counterstained with an 
aqueous 2% uranylacetate solution for 60 min and, 
subsequently, for 10 min with leadcitrate according to 
Reynolds (1963). Thin sections were examined in a Philips EM 
201 at 40 kV or 60 kV. 
RESULTS. 
Preliminary immunocytochemical staining 
experiments show that fixation with 2% glutaraldehyde in 0.1 
M sodiumcacodylate/HCl (pH 8) containing 0.2 M sucrose in 
combination with Epon 812 embedding (Luft 1961) results in 
acceptable immunostaining. To the contrary, Spurr's resin 
embedding (Spurr 1969) destroys all immunoreactivity. The 
same inconvenience is observed after postfixation with 
osmiumtetroxide. For these reasons the described approach 
has been chosen. It represents a compromise between the most 
suitable conditions for immunocytochemistry and optimal 
preservation of the ultrastructure. This is reflected in the 
quality of the photographs of semithin sections (greatly 
reduced immunoreactivity) and a reduced contrast in the 
ultrastructural images due to the omission of osmium 
tetroxide post fixation. 
The three antisera used, anti-FMRFamide, anti-CCK 
and anti-aMSH all give positive reactions. With anti-FMRF­
amide reactivity is observed throughout the eyestalk ganglia 
Fig 3. 
Anti-FMRFamide immunoreactivity in the optic chiasma I. The 
weakly reactive cells are marked with arrowheads. The 
ultrastructure of the perikaryon marked (*) is shown in Fig 
4 A and 4 B. Semithin Epon section, x900. OC I optic chiasma 
I; PCS proximal glial sheath. 
Fig 4 A-B. 
The ultrastructure of the cell marked (*) in Fig 3. Close to 
the nucleus three Golgi complexes are present (large 
arrowheads) segregating granules (small arrowheads). 
Uranylacetate, leadcitrate. Fig 4 A x9400; Fig 4 В x28200. N 
nucleus; M mitochondrium; Go Golgi complex; g granules. 
Fig 5. 
Anti-FMRFamide immunoreactivity in proximal glial sheath, 
optic chiasma I and medulla externa. The immunoreactive 
cells in the optic chiasma I are marked with the large 
arrowheads. In two instances (small arrowheads with 
asterisk) a fibre can be seen running towards the proximal 
glial sheath. Immunoreaction in the perikarya is weak. In 
the neuropil of the medulla externa immunoreactive fibres 
are indicated by the smaller arrowheads. In case of the 
fibres immunoreactivity is clearly visible. Semithin Epon 
section, x450. PGS proximal glial sheath; OC I optic chiasma 
I; ME medulla externa. 
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although it is less extensive than described in Part I 
Chapter II for paraffin embedded tissue. The reactivity with 
anti-CCK is restricted to the SG, МЕХ and some neurons of 
the ME and MI. Anti-oMSH is only reactive in the sinus 
gland. Since it is our goal to study the neuropil and the 
neuronal areas, results on anti-oMSH will not be dealt with 
further. 
Anti-FMRFamide (Figs 1-8). 
No immunoreactivity is found in OCL or ICL. The SR 
and PGS show faint immunostaining in axons and axon 
terminals. A number of perikarya are immunoreactive in the 
PGS (Fig 1) and ОС I (Fig 3). The ultrastructure of the 
corresponding cells is shown in Figs 2 Α-C and Figs 4 A,В 
respectively. The three neurons and the glial cell presented 
in Fig 2 A are part of one of the PGS units that are 
described in Part I Chapter III. All three neurons contain 
active Golgi complexes, that segregate small electron dense 
granules (Fig 2 B,C). In general, membranes are not well 
contrasted and therefore it is not clear whether or not the 
granules are dense core granules. 
At the transition of OC I to ME, anti-FMRFamide 
positive perykarya are found while in the inner neuropil of 
the ME anti-FMRFmide reactive axons are present (Fig 5). 
Fig 6 A-B. 
Ultrastructural features of the immunoreactive perikarya in 
the optic chiasm I (Fig 6 A) and the immunoreactive area 
from the medulla externa (Fig 6 B). The arrowhead in Fig б A 
indicate Golgi areas of which one is active segregating 
small electron dense granules (two small arrowheads). The 
three different asterisks in Fig 6 В indicate different 
granule types in the medulla externa neuropil. From the 
packing of the granules it is inferred that the elements 
containing granules are axon terminals. Uranylacetate, 
leadcitrate, Fig 6 A x9500; Fig 6 В хбЗ З. N nucleus; ME 
medulla externa. 
Fig 7. 
Anti-FMRFamide immunoreactivity in the interneurons of the 
medulla externa and in the medulla externa neuropil. A, very 
weakly stained neuron and several axons, more clearly 
positive, are indicated by arrowheads. The large axon, 
marked with an asterisk occurs also in Fig Θ. Semithin Epon 
section, x800. IN interneurons. 
Fig 8. 
A low power electron micrograph of the anti-FMRFamide 
immunoreactive area from Fig 7. The axon marked (*) may be 
used for orientation. Several granule containing axons are 
indicated by arrowheads. The neuron marked with an asterisk 
is the immunoreactive perikaryon from Fig 7. Two small 
tracts are present, the upper one partly consisting of 
granule containing axons. Uranylacetate, leadcitrate, x2130. 
IN interneurons; Τ tract. 
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Figs 6 А,В show the ultrastructure of these regions. In the 
immunoreactive regions many of the neurons, as well as many 
of the axons, contain electron dense granules. Whereas the 
immunoreactive perykarya can be identified at the 
ultrastructural level, this does not hold for the 
axonterminals. These are too small to occur in the 
subsequent sections. Thus, determination of the specific 
type of granule that is responsible for the immunoreaction 
of the respective axonterminal is not possible. 
Interspersed among the neurons from ME and MI 
immunopositive perikarya are found. Laterally in the outer 
neuropil region of the ME immunoreactive axons are present 
(Fig 7). At the ultrastructural level, these immunoreactive 
neurons (Fig 8 A) do not show granule segregating Golgi 
complexes. Granules, however are present in both axons and 
neurons. The immunoreactivity observed in the neuropil seems 
to be located in two small tracts of which origin and 
destination are unknown. 
Anti-CCK (Figs 9-11). 
Positive reactions with anti-CCK serum are found 
in the SG (not shown), in some neurons of the ME and MI (Fig 
9). In the proximal part of the МЕХ (Fig 10) some 
neuroendocrine cells react positively. The ultrastructure of 
an immunoreactive МЕХ cell is shown in Fig 11 A,B. Golgi 
Fig 9. 
Anti-CCK immunoreactivity in the interneurons of the medulla 
interna and medulla externa (arrowheads). Interspersed among 
the interneurons some medulla externa X organ cells are 
present. Semithin Epon section, x480. МЕХ medulla externa X 
organ cells; IN interneurons; ME medulla externa; MI medulla 
interna. 
Fig 10. 
Anti-CCK immunoreactivity in the neuroendocrine cells of the 
medulla externa X organ. The reactive cells are indicated 
with an arrowhead, the cell marked with an asterisk is shown 
in Figs 11 A and 11 B. Semithin Epon section, x430. МЕХ 
medulla externa X organ; IN interneurons; ME medulla 
externa; MI medulla interna; Hae haemolymph vessel. 
Fig 11 A-B. 
The ultrastructure of the medulla externa X organ neuron 
indicated in Fig 10. The three Golgi areas indicated by the 
large arrowheads are shown in detail in Fig IIB. 
Concentrations of granules are indicated by the small 
arrowheads. The difference between neuroendocrine cells and 
interneurons is clearly visible in Fig IIA. Fig 11 В shows 
a detail of the cytoplasm of the medulla externa X organ 
neuron. A number of actively segregating Golgi areas are 
present. Mitochondria are present in high density. 
Uranylacetate, leadcitrate, Fig 11 A x5000; Fig 11 В ХІ2400. 
N nucleus; Go Golgi area; M mitochondria; g granules; Mvb 
multivesicular body. 
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complexes, secretory granules, lysosome-like structures and 
ribosomes are present. Also mitochondria and endoplasmic 
reticulum can be identified although these organelles are 
fragmentally stained or not stained at all. The two 
interneurons shown in Fig 9 could not be traced at the 
ultrastructural level. 
DISCUSSION. 
The immunocytochemical application of anti-
FMRFamide, anti-CCK and anti-aMSH on 1 іш Epon sections of 
the optic ganglia results in a lower number of reactive 
regions and a reduced staining intensity when compared to 
the results that have been described for 7 ym paraffin 
sections of the same tissue (Part I Chapter II). Especially 
anti-aMSH and, though to a lesser extent, anti-CCK 
immunoreactive zones are diminished. The reduction of 
immunoreactivity in the Epon sections may be caused by the 
different fixation procedures in the two instances. Schot 
(1984), in Lymnaea stagnalis, and Veenstra (1984), in 
Leptinotarsa decewlineata, have shown that the fixation 
procedure can profoundly influence the number of reactive 
components to the same antiserum. 
The reduction in intensity of immunostaining in 1 
pm Epon sections has also been reported by Gorgels-Kallen 
and Voorter (1984) and may be largely caused by the 
difference in thickness (7 \im for paraffin sections versus 1 
\im for Epon sections) and, thus, the amount of 
immunoreactive material present in this section. The lower 
intensity of immunostaining in 1 vim plastic sections may 
also have contributed to the observed reduction in the 
number of immunoreactive regions (false negative result). 
Despite the differences noted in number of 
immunoreactive areas in plastic and paraffin sections, it is 
evident that the neuropil regions and neurons exhibiting 
immunoreactivity in the Epon embedded material are the same 
as those that are immunopositive in paraffin embedded 
material (Part I Chapter II). In addition, the results show 
that at least for the cell bodies, there is a correlation 
between immunoreactivity and ultrastructure. All 
immunoreactive neurons observed show ultrastructural 
characteristics of cells that synthesize, package, and 
transport peptidergic products: extensive RER, Golgi 
complexes and electron dense granules respectively. 
The data presented in this chapter together with 
those from Chapter II and Chapter III of Part I lead us to 
the following conclusions concerning the participation of 
peptidergic neuronal elements in the stimulus processing and 
endocrine regulation performed by the optic ganglia. First 
of all it becomes clear that peptidergic neurons form a 
substantial fraction of the perikarya and axonal structures 
in the optic ganglia. Secondly, the morphology and 
ultrastructure of the neuropil areas show that only a small 
portion of the peptidergic neurons have a neuroendocrine 
function. Indeed, the extensive array of granulated, 
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peptidergic axons and axon terminals in the synaptic areas 
of LG, ME, MI and MT can only be understood if a function as 
neurotransmissive or neuromodulatory function is accepted 
for the peptides released from these elements. Evidence for 
the presence of peptidergic neurotransmission or 
cotransmission in synaptic contacts comes from several 
studies on the vertebrate nervous system (reviews: H'dkfelt 
et al. 1980; Krieger 1983; Burnstock 1985) and an 
invertebrate neuromuscular junction (Adams and O'Shea 
1983).In vertebrates peptidergic neuromodulation has been 
demonstrated for CCK (Sheehan and de Belleroche 1983) and 
Substance Ρ (Stanfield et al. 1985).In invertebrates 
FMRFamide and proctolin alter the pyloric activity of an 
isolated crab preparation, a process mediated by a classic 
neurotransmitter (Marder 1984). Since colocation of 
transmissive and modulatory substances in one axon terminal 
seems to be not uncommon (Boer et al. 1984; Hendry et al. 
1984 and Demeulemeester et al. 1985) such a situation may 
also exist in the eyestalk of A. leptodactylus. In this 
respect the peptidergic neurons in the LG, and the ME and MI 
supposed to be identical (Chapter III Part I) to the 
aminergic neurons demonstrated by Elofsson et al. (1977) in 
P. leniusculusare of interest. 
The function of the axon terminals in the PCS, OC 
I, and OC II, is not so readily understood as that of the 
terminals in the neuropil of LG, ME, MI and MT. In the next 
chapter additional information will be presented on the 




THE VASCULARIZATION OF THE OPTIC GANGLIA 
OF astacus leptodactylus: 
POSSIBLE IMPLICATIONS FOR THE 
NEUROENDOCRINE SYSTEM. 
ABSTRACT. 
To elucidate the functional significance of the 
interstitial spaces present in the lamina ganglionaris and 
the optic chiasmata of the optic ganglia of dstacus 
leptodactylus, that contain numerous peptidergic axonal 
endings, the vascular system in these ganglia was perfused 
with Indian ink to assess compartmentalization. Results show 
that these interstitial spaces are not continuous with the 
intraganglionic vascular system. It is concluded that the 
optic ganglia constitute a more or less distinct compartment 
that contains an extracellular compartment formed by glial 
processes. Since it is known that the blood-brain barrier in 
the decapod crustácea is not very well developed, this 
compartment may serve a dual role. On the one hand, it may 
bear resemblance to the vertebrate cerebrospinal liquor 
system, on the other hand it may be found to exert a 




In the preceding chapters the structural and 
functional relation between neuronal elements was of primary 
concern. This chapter will focus on the relation of the 
optic ganglia with the haemolymph system, in order to 
elucidate the functional significance of the large 
intercellular, or interstitial, spaces present in LG, OC I 
and OC II. These spaces may be part of the haemolymph 
compartment and in this case the axonal endings found around 
these spaces might be attributed a neurohaemal function, as 
was suggested in Part I Chapter III. At the other hand, both 
systems may be separated by a blood-brain barrier. In that 
case the axonterminals likely will have an intraganglionic 
function. 
Sandeman (1967 b) and Abott (1971 a,b) described 
a very well developed vascular system in the optic and 
supraoesophageal ganglia for Carcinus maenas. However, from 
these studies it is not clear whether the glial interstitial 
space is part of the vascular system. 
If there is a strict structural separation between 
the haemolymph and neuronal compartment, the question 
becomes of interest if there is a blood-brain barrier 
present in the crustacean ventral nervous system. The 
general idea concerning this point is that, in Crustacea 
only the intraganglionic haemolymph vessel walls show free 
exchange for small solutes, up to about 10 nm in diameter, 
but not for particles of larger size. However, in the 
connectives of the central nervous system there is a 
diffusion barrier for small solutes, in the form of the 
perineural sheath. The same situation is suggested for the 
optic and cerebral ganglia (Sandeman 1982). 
In order to establish whether the glial 
intercellular space is part of the haemolymph compartment, 
we perfused the optic ganglia of Astacus leptodactylus with 
Indian ink and examined longitudinal sections of the ganglia 
at the lightmicroscopic level. 
MATERIALS AND METHODS. 
Adult female and male .dsracus leptodactylus 
(Nordmann 1842) were anaesthesized on ice. For perfusion, 
the dorsal part of the carapace was removed and the heart, 
the anterior aorta and the anterior lateral arteries were 
exposed. The aorta was canulated via one of the anterior 
ostia. The canule was fixed with a ligature, placed 
rostrally of the ostia, so that only the anterior arteries 
were perfused. To prevent clogging of Indian ink, caused by 
the high osmolarity of the haemolymph (±480 mOsmol), 
haemolymph was removed by perfusion of Van Harreveld saline 
(Andrews 1967) and subsequently 0.9% NaCl. A Cenco 
peristaltic pump was used at a flow rate of 0.16 ml/min. 
After the removal of the haemolymph, the anterior lateral 
arteries were ligated and Van Harreveld was replaced by a 
50% solution of Indian ink (no 518.22 A 143, Pelikan AG, 
Hannover, FRG) in 0.9% NaCl. The Indian ink perfusion was 
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performed at the same pumping rate as the perfusion with Van 
Harreveld. Perfusion volume for both solutions was about 5 
ml. Eyestalks were removed and fixed in Stieve's fixation 
fluid (Romeis 1948) for 24 h and embedded in paraffin. 
Longitudinal 7 доі thick sections were stained with nuclear 
fast red and examined lightmicroscopically. The combined 
results of seven successfully perfused eyestalks are 
presented. 
RESULTS. 
The optic artery enters the eyestalks at the 
laterorostral side and runs, always laterorostrally over the 
optic ganglia to the subocular room. Its two main branches 
enter the optic ganglia between the MT and ME and between 
the ME and the LG respectively. The branch entering the 
ganglia between the MT and MI splits into two vessels almost 
immediately upon entering the neuropil. The proximal vessel 
supplies the hemiellipsoidal body and part of the MT, the 
distal vessel supplies the MI. The second branch, entering 
the OC I, ramifies into the ME and LG. The optic artery 
itself supplies the subocular room. Fig 1 gives a schematic 
representation of the vascularization of the optic ganglia. 
Figs 2 A and 2 В show longitudinal sections of Indian ink 
preparations illustrating in situ several features 
mentioned. 
The vascular system in the optic ganglia (Figs 3, 
4, 5, and 6) reflects the geometry of the neuropil. All 
neuron clusters, the neurons of ME and MI (Fig 3, Fig 4, Fig 
5) as well as the neuroendocrine X organs, are very well 
vascularized . The highest degree of vascularization is foun 
in the MTGX where the neurons may be bathed in the body 
fluid (Fig 6). 
Special attention is paid to the vascularization 
of the DGS and PGS of the LG, OC I and OC II (Figs 3, 4, and 
5). The LG is vascularized by fine to very fine vessels that 
follow the geometry of the axon tracts. Just proximally from 
the SR and ICL tangential vessels are found. They anastomoze 
with the longitudinal vessels and are thought to be efferent 
vessels. Centrally in the OC I, one large vessel is found 
(Fig 5, c.f. Fig 13 of Part I Chapter III) but also small 
vessels are present . Neither in the OC I nor in the LG, the 
interstitial spaces of the glial cell processes are filled 
by Indian ink . The OC II receives the efferent vessels from 
MI and ME. These vessels discharge into the 
Fig 1 . 
A schematic representation of the vascular system in the 
optic ganglia of Astacus leptodactylus. The flow direction 
of haemolymph is indicated by arrows and arrowheads. SOR 
subocular room; OCL outer cell layer; SR synaptic region; 
PGS proximal glial sheath; OC I optic chiasma I; IN 
interneurons; ME medulla externa; X X organ; OC II optic 
chiasma II; SG sinus gland; MI medulla interna; NO optic 
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sinus of the sinus gland or distally from it.In the distal 
and proximal regions of the OC II vascularization is most 
pronounced. As in the OC I the occurrence of carbon 
particles is restricted to the haemolymph vessels. Fig 6 
shows part of the perineurium separating the optic ganglia 
from the efferent haemolymph sinusoidal system. It is 
obvious that also the ensheathing perineurium is not 
permeable for carbon particles. 
DISCUSSION. 
The pattern of vascularization in the optic 
ganglia of A. leptodactylus is similar to the vascular 
system described for the cerebral and optic ganglia of 
Carcinus maenas by Sandeman (1967 b) and Abbott (1971a,b). 
The lightmicroscopic analysis of longitudinal sectioned 
Indian ink perfused eyestalks shows that the haemolymph 
system is highly compartmentalized. 
The presence of an intercellular space in the DCS, 
the OC I and the OC II that is inaccessible to Indian ink, 
indicates that there is an extracellular compartment present 
in the optic ganglia that is not continuous with the 
intraganglionic vascular system. Neither the contents of 
this compartment, nor its function is clear but it is 
Fig 2 A-B. 
The two longitudinal, about median sections show several 
features of the vascular system in its general outline. Fig 
2 A shows the afferent vessel and the ramifications into the 
medulla terminalis and optic chiasma I. Also the efferent 
flow through the sinus gland can be seen. Fig 2 В shows the 
vascularization of the subocular room. The ramification of 
the vessel in the optic chiasma I and between the medulla 
interna and medulla terminalis are also visible, although 
the medulla terminalis is not so well perfused in this 
preparation. Both photographs show the rich haemolymph 
supply to the X organ of the medulla externa, χ 32. LG 
lamina ganglionaris; ME medulla externa; MI medulla interna; 
MT medulla terminalis; MTGX medulla terminalis; X X organ. 
Fig 3. 
The vascularization of lamina ganglionaris and optic chiasma 
I. Arrowheads indicate the open spaces, containing no Indian 
ink, although they are much larger than the finest 
haemolymph vessels. Arrows indicate the glial cell processes 
and axon tracts lining the spaces in the optic chiasma I. χ 
120. SOR subocular room; LG lamina ganglionaris; OC I optic 
chiasma I; IN interneurons; ME medulla externa. 
Fig 4. 
The vascularization of interneurons, medulla externa and 
optic chiasma II. Arrowheads indicate the spaces between the 
glial processes. Axon tracts are indicated by arrows, χ 120. 
IN interneurons; ME medulla externa; OC II optic chiasma 
II;MI medulla interna. 
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Fig 5. 
Vascularization of the optic chiasma I and medulla interna 
with interneurons, χ 120. OC I optic chiasma I; IN 
interneurons; ME medulla externa. 
Fig 6. 
Haemolymph supply of the medulla terminalis X organ. This 
photograph also shows the structural barrier, in the 
presence of the perineurium, between the optical ganglion 
compartment and the haemolymph compartment, χ 120. IN 
interneurons;MTGX medulla terminalis X organ; MT medulla 
terminalis 
tempting to equate it with the cerebro spinal liquor system 
in the vertebrate central nervous system. This supposition 
should be approached with reserve, since a blood-brain 
barrier, as found in insects and vertebrates, has not been 
demonstrated between the intraganglionic vascular system and 
the neuropil of Crustacea (Shivers, 1970; Abott 1972). 
However, the perineureum ensheathing the optic ganglia does 
show a restricted permeability for potassium ions (Abott and 
Pichón 1973; Abott et al. 1975) and thus delimits a more or 
less distinct cerebral compartment. 
Since the intraganglionic vessel walls are 
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permeable for horseradish peroxidase (Shivers 1970) and 
ferritin (Abott 1972) free diffusion of the products 
released in PCS, DCS, OC I and OC II is possible. Therefore, 
the peptidergic axon regions from the LG, OC I and OC II may 
have either an endocrine or a paracrine function or both. 
However, for two reasons it is thought that the paracrine 
aspect prevails over the endocrine aspect. Firstly, the 
presence of an axonal tract between the SG and the LG, 
demonstrated by retrograde cobalt iontophoresis (Jaros 
1978), indicates that a segregation has occurred between the 
neurohormonal function, effectuated by the sinus gland, and 
the neuromodulatory function of the LG and OC where the 
latter function is supposed to be accomplished by axon 
terminals found in these regions of the optic ganglia of 
decapod Crustacea. Secondly, the structural arrangement of 
optic nerve fibres and peptidergic cells in the units found 
in the PGS and OC I (Part I Chapter III) suggests a 
functional coupling between these two elements. 
The observation that the efferent haemolymph 
vessels from the LG, the OC I, the ME, the OC II and the MI, 
but not those from the main neuroendocrine perikaryon centre 
present in the optic ganglia, the MTGX, discharge into the 
haemocoel through the sinus of the neurohaemal organ, the 
SG, is, however, remarkable. This arrangement implies that 
the LG and the OC peptidergic axon terminals are connected 
to the SG by the vascular system and thus opens the 
possibility that the LG and OC I control the release of 
neurohormones from the SG. 
It is clear that the proposed functional 
interactions between the different areas in the eyestalk are 
to be substantiated by proper experiments. However, from the 
presented results it is evident, that communication in the 
optic ganglia is not only functioning along synaptic 
pathways but also via the less direct paracrine pathway. In 
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Of the known neuroendocrine organs in decapod 
Crustacea (Cooke and Sullivan 1982), the protocerebral X 
organ-sinus gland complex and the associated hormones have 
received most attention. This is, perhaps, due to the 
accessibility of the eyestalk, but it is also evident that 
most of the neurohormones that regulate processes crucial in 
the life history of decapod Crustacea, originate in the X 
organ-sinus gland complex (review: Kleinholz and Keller 
1979; Cooke and Sullivan 1982). Among these processes are 
the regulation of metabolism (Chang and O'Connor, 1983, 
moult (Soumoff and O'Connor 1982; Bruce and Chang 1984; 
Skinner 1985; Mattson and Spaziani 1985a,b,c), reproduction 
(Adiyodi and Adiyodi 1970; Bomirsky et al.1981; Adiyodi 1985), 
osmoregulation (Charmantier et al. 1984 a, b), limb 
regeneration (Charmantier-Daures 1980; Skinner 1985) and 
colour change (Rao 1985). 
Beside the functional characterization of these 
neurohormones, attempts have been undertaken to isolate them 
and to determine their amino acid sequence. Until now, this 
has been succesfull in two cases: the red pigment 
concentrating hormone (RPCH), an octapeptide, and one of the 
several distal retinal pigment hormones (DRPH), which proved 
to be an octadecapeptide. The amino acid composition of the 
crustacean hyperglycemic hormone (CHH) of several species 
has been analyzed (Kleinholz 1975; Keller and Kegel 1984; 
Martin et al. 1984) but, until now, no amino acid sequence 
has been published. 
The Crustacean neurohormones have been studied in 
a wide diversity of species, comprising the main groups of 
the decapod Crustacea, the Caridea (shrimps and prawns), the 
Astacidea (true lobsters and crayfish), the Palinura (rock 
lobsters), and the Brachyura (crabs), but also in the lower 
Crustacea. Studies on the CHH and the chromatophorotropins 
show that crustacean neurohormones may have a physiological 
specificity that parallels the taxonomie classification 
(Leuven et al. 1982; Martin et al. 1984; Rao 1985, Rao et 
al.1985) . For this reason, among others, the extrapolation 
of results to the Crustacea in general should be approached 
with extreme care. In fact, the described multiple 
functionality of the apparently same hormonal factor poses a 
complex problem within the decapod crustacean 
neuroendocrinology. DRPH for example, not only effects 
visual pigments but also melanophores, leucophores, and 
erythrophores. In addition there are indications that the 
sequenced form of Pandalus-DRPH may be identical to one of 
the melanophore dispersing hormones (MDH; Kleinholz and 
Keller 1979; Riehm and Rao 1982). It should be noted 
however, that the status of the MDH itself is confusing. 
Biological activity measurements after fractionation of 
sinus gland extracts indicate, that there are a number of 
peptides possessing melanophore dispersing activity 
(Kleinholz 1972; Keller 1977; Kleinholz and Keller 1979). 
One of the MDH forms seems to be identical with CHH since it 
has not yet been separated from it (Keller 1977; Newcomb 
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1983; Keller and Kegel 1984). Also the moult inhibiting 
hormone and the gonad inhibiting hormone have been 
associated and it has been postulated, on the basis of 
results of physiological experiments, that the same factor 
is responsible for both activities (Demeusy 1958; Vernet-
Carnubert 1958a; Bauchau 1961). Newcomb (1983) has reported 
the amino acid composition of ten sinus gland specific 
peptides, which he supposed to be neurohormones. 
Unfortunately, only three bioactivities, corresponding to 
the RPCH, MDH, and CHH, were associated with the sinus gland 
specific peptides. Of these three bioactivities, the 
hyperglycemic (CHH) activity was apparent in three peaks, 
one of which possessed the melanophore dispersing activity 
as well. Recently, Newcomb et al. (1985) have proposed the 
existence of three peptide families formed by the sinus 
gland specific peptides in which the members are related 
through precursor-product relationships. The presence of 
such precursor-product relationships could, at least partly, 
explain the confusing data discussed above by postulating 
the presence of bioactive intermediary products. 
It may be clear that it will increase our 
understanding of the decapod crustacean neuroendocrinology 
when as many bioactivities as possible are assessed within 
one species, with aid of a high resolution separation 
technique. In the present study high performance liquid 
chromatography was applied in an attempt to resolve the 
neurohormones present in the sinus gland of Homerus 
americanus using a single separation system. 
In the following chapters, data are presented on 
the isolation and purification of substances responsible for 
five bioactivities: the moult inhibiting hormone (MIH), the 
red pigment concentrating hormone (RPCH), the melanophore 
dispersing hormone (MDH), the crustacean hyperglycemic 
hormone (CHH), and the gonad inhibiting hormone (GIH). Three 
of these activities, the MIH, the GIH, and the CHH are 
supposed to be closely associated in terms of regulatory 
interactions. The simultaneous assessment of these 
bioactivities during fractionation procedures is the first 
step in unraveling the regulatory and structural connections 
between the factors that regulate these processes. In the 
same way the structural and functional relation between the 
melanophore dispersing and the hyperglycemic factor can be 
studied. From an evolutionary point of view, the red pigment 
concentrating hormone seems to be the best preserved 
neurohormone in decapod Crustacea, structurally as well as 
functionally. (Kleinholz 1985). In addition, its function 
and structure have been very well documented (review 
Fingerman 1985, Rao 1985), and the hormone is available in a 
synthetic form. Therefore, RPCH is used as internal standard 
in the studies described in Part II. 
Chapter I describes the development and evaluation 
of bioassays monitoring the MIH and GIH. The bioassays for 
the remaining neurohormones RPCH, MDH, and CHH are available 
in a standard form although minor modifications appeared to 
be necessary which are described in this chapter. In Chapter 
II the simultaneous separation is described of the five 
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mentioned neurohormones from crude sinus gland extract. The 
ultimate purification of the gonad inhibiting factor and two 
hyperglycemic factors is described in Chapter III. 
With the purification of the neurohormones, the 
possibility to raise antisera to these substances is opened. 
Antisera would make it possible to study the morphology of 
the neuroendocrine cell system in a specific way by means of 
immunocytochemistry, as has been described in Part I for 
several antisera and by Kallen (1985) for the CHH producing 
system. In addition, the development of sensitive detection 
methods based on immunological methods may help to elucidate 
regulatory mechanisms in the physiological processes in 




THE DEVELOPMENT, MODIFICATION, AND 
CHARACTERIZATION OF THE BIOASSAYS FOR 
MOULT INHIBITING HORMONE, RED PIGMENT 
CONCENTRATING HORMONE, MELANOPHORE 
DISPERSING HORMONE, CRUSTACEAN 
HYPERGLYCEMIC HORMONE AND GONAD 
INHIBITING HORMONE FOR Homerus 
americanus (H.Milne Edwards 1837) SINUS 
GLAND EXTRACT. 
Part of this chapter was presented at the 
Vllth Dutch-British Endocrine Meeting, 
Noordwijkerhout, August 1982. 
ABSTRACT. 
Five bioassays, developed and evaluated for 
Homerus americanus crude sinus gland extract are 
described.The presence of bioactivities, based on the 
neurohormonal factors that regulate the moult inhibition, 
the red pigment concentration, the melanophore dispersion, 
the haemolymph glycose levels, and the gonad inhibition are 
assessed. Assays for the moult and gonad inhibiting 
bioactivity are newly developed. All assays are developed 
and evaluated in heterospecific bioassays, with use of a 
number of different decapod Crustacea. 
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INTRODUCTION. 
Antisera to the products from the different cell 
types in neurosecretory systems are of great help in the 
study of these systems, both morphologically 
(immunocytochemistry) and physiologically (radioimmunoassay, 
enzyme-linked immunosorbent assay). However, only few 
antisera raised against decapod crustacean neuroendocrine 
factors are available; two against the crustacean 
hyperglycemic hormone (CHH; Van Herp and Van Buggenum 1979; 
Jaros and Keller 1979), one against the natural RPCH 
analogue ΑΚΗ 1-4 (adipokinetic hormone 1-4, Schooneveld and 
Van Herp, pers. comm.), and one against the black pigment 
dispersing hormone (BPDH, Quackenbush and Fingerman 19Θ5). 
The BPDH is identical to the melanophore dispersing hormone, 
MDH). The reason for this may be that in Crustacea only few 
of the biologically characterized neuropeptides from the 
sinus gland have been isolated, sequenced and synthesized: 
the red pigment concentrating hormone (RPCH, Fernlund and 
Josefsson 196Θ, Fernlund 1974a,b) and the distal retinal 
pigment hormone (DRPH, Fernlund 1971, 1976). Recently, the 
sequence of MDH of Uca pugilator has been published (Rao et 
al. 1985). In view of the sparcity of information concerning 
peptide hormone structure in crustaceans we decided to 
attempt to isolate and characterize a number of hormones 
from the sinus gland of Homarus americanus. The 
neuropeptides included in this study are: the moult 
inhibiting hormone (MIH), the red pigment concentrating 
hormone (RPCH), the melanophore dispersing hormone (MDH), 
the crustacean hyperglycemic hormone (CHH), and the gonad 
inhibiting hormone (GIH). For monitoring the subsequent 
isolation steps, bioassays for MIH and GIH had to be 
developed. Bioassays for RPCH, MDH, and CHH were available 
as standard procedures, and only needed some small 
modifications to be suitable for the species used. This 
chapter describes the development and the modifications of 
these assays. 
Since it is known that somatic growth (= moulting) 
and reproduction (= gonadal growth) are antagonistic and 
therefore to a certain extend mutually exclusive (Adiyodi 
and Adiyodi 1970; Sochasky 1973; Webb 1977; Bomirsky et al. 
1981; Adiyodi 1985) it has been postulated that both 
processes are regulated by the same factor (Demeusy 1958; 
Vernet-Cornubert 1958a; Bauchau 1961). However, opinions 
concerning moult regulation are not unanimous. A short 
historical account of the concepts that have been developed 
concerning moult is given below. 
Ever since Abramowitz and Abramowitz (1939) and 
Hanström (1939) rediscovered the findings of Zeleny 
(1905), and Megusar (1912) that eyestalk removal results"in 
a shortened moult cycle, moulting in Crustacea has been 
considered to be regulated by neurohormonal factors coming 
from the eyestalk. It was Passano (1953) who established the 
role of the X organ and the sinus gland, organs described 
earlier by Hanström (1933),in moult control, and showed 
that the eyestalk factor is of an inhibiting nature. Thus, a 
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moult inhibiting hormone was postulated. In contrast, 
Carlisle and Dohrn (1953 a) concluded from experiments with 
Palaemon serratus and Lysmata seticaudata that a moult 
accelerating neurosecretory factor regulated moulting. Both 
concepts, that of a neuroendocrine moult inhibitory factor 
and that of a moult accelerating factor, have, through the 
years, received experimental support, as has been reviewed 
by Sochasky (1973). After thorough study of the original 
data this author concluded the evidence supporting a 
neurosecretory moult inhibitory factor to be stronger. He 
also concluded that under well defined conditions eyestalk 
removal shortens the moult cycle. 
Échalier (1954, 1955) demonstrated that the 
preparations for ecdysis are dependent on the presence of 
the Y organ, a thoracical epidermal organ described by Gabe 
(1953). He also showed (Échalier 1954, 1955) that the X 
organ sinus gland complex had an inhibiting effect on 
moulting through inhibition of the Y organ. With the 
isolation of 3 ecdyson (Hampshire and Horn 1966) and 
characterization of this ecdysteroid as moult promoting 
hormone in Crustacea (Lowe et al. 1968) the basic features 
of crustacean moult regulation were established. More 
recently Chang et al. (1976) confirmed the inhibitory effect 
of an eyestalk factor on circulating 3 ecdyson titres. 
Keller and Schmid (1979), Soumoff and O'Connor (1982) Watson 
and Spaziani (1985a,b), and Mattson and Spaziani (1985c) 
showed in in vitro incubation experiments that the Y organ 
is the source of α ecdyson, the immediate precursor for 3 
ecdyson. Synthesis and excretion of ecdyson is under direct 
negative control of an eyestalk factor (Soumoff and 
O'Connorl982; Watson and Spaziani 1985a,b; Mattson and 
Spaziani 1985b,c). Cyclic AMP plays a role in the mediation 
of this negative control(Mattson and Spaziani 1985a), which 
indicates that the regulatory eyestalk factor involved is of 
peptide nature. 
From the moult inducing effect of 3 ecdyson, it is 
clear that the epidermis is a target organ for this hormone. 
In this organ 3 ecdyson receptors have been detected and 
characterized (Londershausen and Spindler 1981; Daig and 
Spindler 1983a,b; Londershausen and Spindler 1985). A number 
of other tissues and organs can also be regarded as target 
organs for 3 ecdyson (Van Wormhoudt 1980; Spindler et al. 
1984) which points to the involvement of the entire organism 
in the moult process. 
Beside the inhibitory effect of MIH on ecdysteroid 
production by the Y organ, there is evidence that the 
epidermis itself could be a target organ for this peptide. 
(Aiken 1976; Buchholz and Adelung 1979; Freeman and Bartell 
1975; Freeman and Costlow 1979, and Freeman 1980). The 
multiple sites of action of MIH on the moult process makes a 
bioassay for this peptide possible on several levels, in 
vivo, as well as in vitro. At the organismal level the moult 
preparation can be determined morphologically by measuring 
the progress in setagenesis (Freeman and Bartell 1976; Soyez 
and Kleinholz 1977) or, biochemically, by measuring 
haemolymph steroids level (Chang et al. 1976; Keller and 
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O'Connor 1982; Bruce and Chang 1984; Chang 1985). At the 
organ level, established approaches include the in vitro 
incubation of Y organs combined with measurement of 
ecdysteroid production (Soumoff and O'Connor 1982) or 
apolysis induction and inhibition experiments of 
integumental expiants measuring the rate of apolysis 
(Freeman and Costlow 1979). Other possibilities to determine 
the moult progress are the measurement of the integumental 
chitinase and chitobiase activities (Jeuniaux 1963) or the 
rate of loss of radiolabelled N-acetyl-D-glucosamine, 
incorporated in the cuticle, due to cuticle breakdown 
(Freeman 1980). In preliminary studies for the development 
of an MIH bioassay we used two of the mentioned approaches: 
determination of the antagonistic action of 3 ecdyson and 
MIH on apolysis in integumental expiants, and the 
measurement of integumentalchitinase and chitobiase 
activity. In the first approach we found that the wound 
reaction of the expiants made reliable apolysis measurement 
very difficult. In the second approach it appeared that the 
activities of the lytic enzymes chitinase and chitobiase 
during the intermoult stage (C) and the differences in 
enzyme activities during the premoult stages (DQ-DI,) as 
determined in two species of shrimps (Atyaephyra desmaresti 
and Palaemon longirostris) were too small to give 
reproducible results. We therefore decided to develope an 
MIH bioassay in intact, rather than moult induced specimens 
of Atyaephyra desmaresti using the progress in setagenesis 
as a measure of moult inhibitory activity. 
The use of intact specimens has the advantage 
over moult induced (i.e. eyestalk ablated) animals and over 
in vitro assays in that an undisturbed endocrine system is 
used. This is especially important where metabolism (Soyez 
1980), reproduction in general (Webb 1977), and secondary 
vitellogenesis in particular (Blanchet-Tournier 1982, Souty 
et al.1982) are concerned.In intact animals, after injection 
of sinus gland extracts, full endocrine regulatory cycles 
can be developed and thus, the effects of the injection on 
all processes and interactions is expressed in the 
morphogenesis of the new cuticle. This cuticle is 
synthesized and laid down by the epidermis, the most 
conspicuous organ in moulting. Therefore, the effects of 
injection of sinus gland extract are measured by 
determination of the progress of setagenesis and expressed 
in moult stage. 
In addition to the considerations already 
discussed in the Introduction to Part II, the antagonism 
known to exist between somatic growth and reproduction, as 
mentioned earlier, was one of the reasons for incorporating 
the GIH in the isolation procedure. Beside the well 
documented effects of eyestalk ablation on precocious 
gonadal development of female Crustacea during the non-
reproductive period (Adiyodi and Adiyodi 1970; Sochasky 
1973; Webb 1977, Adiyodi 1985), it has become clear that β 
ecdyson plays a role in the production of vitellogenins 
(Souty et al. 1982) and possibly in the internalization of 
the vitellogenin in the oocyte during secondary 
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vitellogenesis (Blanchet-Tournier 1982). Also, the 
crustacean ovarium appears to contain ecdysteroids (review; 
Adiyodi 1985). Although the experimental data are 
incomplete, they show clearly that moult and reproduction 
are closely correlated by endocrine links. 
The parameter used in the gonad inhibiting assay 
is the growth of oocytes, which reflects secondary 
vitellogenesis that has been induced by eyestalk ablation. 
The precocious development is suppressed by injection of 
eyestalk extract (Bomirsky et al. 1981). This suppression of 
development is the basis for the bioassay of GIH which we 
have developed in Atyacphyra desmaresti. 
In addition to these two bioassays, three other 
bioactivities are tested in the crude sinus gland extract of 
И. атепсапиь. Of these, the CHH bioassay is available as a 
routine procedure in the laboratory using dstacus 
leptodactylus or Orconectes limosus as test animal. The RPCH 
test and the MDH test had to be slightly modified to fit the 
test animals chosen for these tests, Atyaephyra desmaresti 
and Palaemonetes vanans, respectively. 
The purpose of this chapter is to describe the 
design of the MIH and GIH bioassays, and to evaluate all 
assays for use with Ношагиь. amencanus sinus gland extract. 
MATERIALS AND METHODS. 
Animals. 
Atyaephyra desmaresti (Millet) 
The freshwater shrimp Atyacphyra desmaresti 
(Millet) was collected from a drainage canal close to 
Nijmegen. They were kept in running tap water (12±10 C) and 
fed TetraPhyll three times a week. During experiments the 
animals (max 5) were housed in perforated plastic vials 
(10x5 cm). Temperature during experiments was 17+1° С and 
the light regime was an LD 12:12 cycle. 
Palaemonetes vanans (Leach) 
The estuarine and tidal zone prawn Palaemonetes 
vanans (Leach) was collected in Normandy near Caen (France) 
or in Zeeland (The Netherlands). They were kept in full 
strength artificial seawater that was filtered and 
recirculated. Animals were fed on a diet of cod, mussel and 
Tetra-Min. The temperature was ambient and the light cycle 
natural. 
Astacus leptodactylus (Nordmann) and Orconectes limosus 
(Rafinesque) 
The crayfish A. leptodactylus was collected in 
Turkey. The specimens of 0. limosus were collected in the 
river Maas near Kessel (Limburg). Both species were obtained 
commercially. They were kept m running tap water (12+1° C) 
and fed minced beef heart or cod once a week. Broken pottery 
served as shelter. During experiments they were housed 
individually. The light regime was an LD 12:12 cycle. 
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t/ca pugilator 
The fiddler crab Uca pugilator was imported from 
the USA. The animals weie kept at the Laboratory of Dr. 
Keller (Bonn). 
Sinus gland extraction procedure. 
Eyestalks from Homerus amencanus (H. Milne 
Edwards) were collected at the Catering facilities of the 
Royal Dutch Airlines (KLM Catering, Schiphol Airport). After 
removal they were frozen on solid CO2. Storage was at -60° 
C. Dissected sinus glands were collected and homogenized in 
distilled water or 0.1 N HCl in an all glass homogemzer at 
0 е C. Extraction was during the manipulations. After 
centrifugation the supernatant was freeze dried. Before 
injection the sample was redissolved m the appropriate 
dosage in physiological saline. 
Injection. 
A. desmaresti and P. апапь. 
Injections were performed under a preparation 
microscope. The shrimp was laid laterally on a glass plate 
and the injection was performed using a glass microcapillary 
that was inserted through the arthroidal membrane at the 
base of the 5th pereiopod. Injection volume was 0.5μ1 
(animals <16mm) or 1.0 yl (animals <16mm). 
A. leptodactylus and 0. Iimosus. 
Injections were performed with a 100 μΐ Unimetrics 
syringe in the same way as described for the shrimps. 
Injection volume was 50 yl. 
Bioassays. 
Moult Inhibiting Hormone (MIH) assay. 
To determine the moult stage the shrimp was laid 
with its ventral side on a glass plate with the uropods 
spread. The moult stage was determined by microscopic 
examination of a defined area (area 1 , Fig 1 b) from the 
internal edge of the exopodite of the left uropod. The exact 
determination of the area of observation was applied to 
overcome the problem of gradation of setagenesis in the 
exopodite. Determinations of the moult stage were made daily 
and did not noticeable interfere with the preparations for 
ecdysis. For estimating the average duration of the moult 
stages of different sized animals, they were recorded for 25 
days. Data were processed with a Burroughs computer 
according to a matrix inversion program developed for this 
occasion by Gayout et al. (Gayout, pers. comm.). 
Gonad Inhibiting Hormone (GIH) assay. 
Adult female A. desmaresti (Descouturelle 1980) in 
genital rest were selected and eyestalks were removed by 
opthalmic scissors (type Vannas, curved). Usually this 
operation resulted in 90% or more survivors. These animals 
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were injected the next day. At the end of the assay, the 
duration of which is indicated in the results, ovaries were 
removed from the animals and placed in a drop of Van 
Harreveld saline. For each ovary ten to fifteen of the 
largest oocytes were measured using a calibrated ocular 
micrometer. Results are given as the mean diameter of the 
oocytes or, to facilitate comparison of different 
assays, as the percentage inhibition. The percentage 
inhibition is calculated from:{(C-Ε):(C-I)} χ 100% with: 
C= control group (Van Harreveld injected) 
E= experimental group (sample injected) 
1= intact (i.e. not eyestalk ablated) animals 
Red Pigment Concentrating Hormone (RPCH) assay. 
Adult A. desmaresti were destalked as described in 
the GIH assay. The RPCH assay was performed the day after 
destalking. Erythrophores were staged according to the table 
of Humbert (1965). In A. desmaresti we never observed stage 
5 and therefore our staging comprised stage 0 (complete 
agrégation) to stage 4 (complete dispersion). Only animals 
with fully dispersed erythrophores were .injected. 
Melanophore Dispersing Hormone (MDH) assay. 
The MDH assay on U. pugilator was carried out by 
Dr. Jaros (Bonn) as described by Kleinholz and Kimball 
(1965). In the case where Palaemonetes varians was the test 
animal the MDH bioassay proceeded according to the following 
protocol. Specimens of P. varians were adapted to a white 
background under constant illumination, 72h before the MDH 
assay. During the assay the animals were kept on a white 
background under constant illumination. Observations on t=0 
min, t=10 min, t=30 min and t=60 min were also on a white 
Fig 1 A. 
Schematic representation of the diecdysial moult cycle. The 
sections of the circle indicate the approximative duration 
of the subsequent stages. The basic stages into which the 
moult is divide are indicated in the inner circle. Stage A 
and В are taken together. Stage D is subdivided into five 
substages. The descriptional equivalents of the one letter 
code is given outside the outer circle, and for the 
subdivisions of the D stages inside the middle circle . 
Fig 1 B. 
Staging area at the exopodite from the left uropod of A. 
desmaresti. The setae in area 1 (arrowhead) are by 
definition used to determine the moult stage. Because 
setagenesis is a continuous process, which implies numerous 
intermediate situations, area 2 (arrowhead) is used in 
doubtful cases to give the final result. The morphogenetic 
gradient starts from the point marked 3 (arrow), and 
develops along the exopodite in the directions indicated 
(curved arrows). The morphogenetic gradient plays a role in 











background. Staging of the melanophores was the same as for 
A. desmarestierythrophores. Results 
are given as the sum of the difference in melanophore index 
relative to t=0 min (£ Δ melanophore index). 
Crustacean Hyperglycemic Hormone (CHH) assay. 
The CHH assay was performed according to Leuven et al. 
(1982), the only difference being the GOD-Perid glucose test 
replaced by the GlucoQuant test (both from Boehringer). A. 
leptodactylus and 0. limosus were mutually exchangeable in 
this test. However,0. limosus was preferred since it was 
more stress resistant. This resulted in lower control 
values. Glycemy is expressed in mg glucose/100 ml of 
haemolymph. Data are given as the mean ±SEM. 
RESULTS. 
Moult Inhibiting Hormone assay. 
Description of the moult stages. 
A generalized model of the diecdysial moult cycle 
with its various subdivisions is given in Fig 1 A. The 
morphologic characteristics of setagenesis, used to 
determine the subsequent moult stages are shown in Figs 2-5. 
The moult cycle of A. desmaresti is of the diecdysial type 
and subdivided into the four basic stages described by Drach 
and Tchernigovtzeff (1967): moult or ecdysis (stage E), 
postmoult (stages A, B), intermoult (stage C) and premoult 
(stages D0-D4) The present study shows that further 
subdivision of these basic stages is possible. In A. 
desmaresti this leads to a precise division of the 
intermoult stage С into C' (early C), C'' (middle C) and 
C ' ' (late C, Figs 2 Α-C). In the same way early premoult 
(DQ) is split into three substages: D0'; Do'
1
 and Do''' (Fig 
3 Α-C). The remaining stages are characterized according to 
the classical scheme; D / and Di1' (Fig 4 Α-B), Di'^^D , 
Da and D 4 (Fig 4 C) and E, A and В (Fig 5). 
Fig 2 A-C 
The intermoult (C) stages. In stage C' (Fig 2 A) all setae 
have formed a conus. At this moment in setagenesis the conus 
is present as a thin and straigt septum (arrowhead). Stage 
C ' (Fig 2 B) is characterized by a well developed conus. 
The epidermis is clear and transparent. The matrices of the 
setae have a more or less striated appearance with bright 
areas seperating them (lower arrowheads). In stage C''1 (Fig 
2 C) the epidermis is of an even, very fine, granular 
appearance. The striation is absent or obscured by 
granulation. The setal matrices look somewhat swollen 
compared to stage C ' . They contact each other distally. The 
separating bright areas enlarge proximally (lower 
arrowhead). The upper arrowhead indicates the distal region 






Fig 3 A-C. 
The earlier premoult (D0) stages. Apolysis defines the 
beginning of DQ' (Fig 3 A). The first sign of apolysis is 
found at the base of the setal implantation. The epidermis 
retracts from the cuticle thus forming the exuvial space 
(arrowheads). When the epidermis has been retracted from the 
entire setal base (Fig 3 B, arrowheads) but still is 
attached to the lowest point of the relatively heavy 
cuticular structure stage DQ'1 IS reached. The total 
detachment of the epidermis from the cuticle marks the 
beginning of stage Do'1' (Fig 3 C). This substage may be 
divided into early Do'11, detachment just complete to about 
half maximal retraction, and late Do'1, from about half 
maximal retraction to maximal retraction. These stages are 




Fig 4 A-C. 
The middle (Di) and late (D2, D3, and D,,) premoult stages. 
In stage Di (Fig 4 A) the setae invaginate along the setal 
matrix. The very beginning of this process (arrowheads) 
marks the beginning of stage Di'. During Di'' (Fig 4 B) 
invagination progresses and can be followed by counting the 
number of setae reaching the suture of the exopodite. When 
the 8th or 9th seta reaches the suture for this particular 
seta invagination is maximal (arrowhead). When all setae are 
maximally invaginated, but not yet closed, stage Do'11 is 
reached (not shown c f . Fig 4 C). The closure of the setae 
(Fig 4 С arrowheads) characterizes the onset of stage D
г
, 
the first of the late premoult stages. Closure of the 
invaginated setae completes morphogenesis. In stage D 3 (not 
shown) the preexuvial cuticle is secreted and becomes 
visible as a light brown line along the invagination 
figures. D i if of very short duration and often not 
recognized as such in A. desmaresti. 
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Fig 5. 
The moult (E) and postmoult (A and B) stages. During ecdysis 
the animal exuviates from the old exoskeleton. The setue 
evaginate. In A. desmaresti this process takes only seconds. 
Stage A, the first postmoult stage, is characterized by a 
very soft cuticle because only the preexuvial layers are 
present. The conus is absent in all setae from the 
exopodite. Stage early В is marked by the formation of a 
conus in the setae at the most distal end of the exopodite 
(arrowhead 3). When the setae in the regions indicated by 
the arrowheads 1 and 2 have formed a conal septum, the 
animal is considered to be in stage C'and has completed one 
moult cycle. 
Fig 6 A-B. 
Duration of the moult stages in juvenile and pubertal A. 
desmaresti. The duration of the total moult cycle, from 
ecdysis to ecdysis, is shown as well as the duration of the 
different stages and substages.. It should be remarked that 
the relative durations of the latter show differences, not 
only between juvenile and pubertal animals but also within 
these two classes. 
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Duration of the moult cycle. 
The duration of the moult cycle and the subsequent 
stages is shown in Fig 6 A for juvenile (11 mm Si S 16 mm) 
A.desmaresti and for pubertal (16 mm£ Is 20 mm) A. 
desmaresti in Fig 6 B. At a temperature of 17° С the 
duration of the moult cycle for juvenile animals averages at 
around 9 days and for pubertal animalis at around 11 days. 
The substages, especially in the С and D stages differ in 
duration between these two length classes. 
Effects of sinus gland extract on the duration of the 
moult cycle 
In preliminary experiments the influence of 
several variables such as handling, injection of saline, 
injection of protein (bovine serum albumine), multiple 
injections with sinus gland extract, or moult stage at the 
time of injection were compared with the injection of crude 
sinus gland extract of H. americanus. These experiments were 
carried out with pubertal animals of A. desmaresti, and 
showed no significant effects. However, when injecting sinus 
gland extract (0.4 sinus gland equivalent/animal) in 
pubertal animals that were in stage C', A, B, or Do 1 1', a 
slight but not significant retardation was observed. 
Mortality was found to be very high. Following these 
preliminary experiments, juvenile A. desmaresti in stage 
С ' ' were injected once with 0.2, 0.02, or 2x10 '^ sinus 
gland equivalents. A dose of 0.2 still caused a high 
mortality. Injection of 2x10"" sinus gland did not show 
moult retardation nor moult acceleration (Fig 7 B). A dose 
of 0.02 sinus gland equivalent showed a clear and 
significant retardation which was most pronounced two days 
after injection (Fig 7 A). 
Gonad Inhibiting Hormone (GIH) assay 
The relation between body length and average 
oocyte diameter in intact females is shown in Fig 8. A 
positive correlation between the two parameters is apparent. 
Therefore females selected for GIH assays were grouped 
within size classes of 2mm thus providing conditions for 
reliable results within each assay. 
The effect of injection of distilled water, muscle 
extract or 0.01 equivalent sinus gland extract on oocyte 
diameter is shown in Fig 9 A. All destalked animals had 
larger oocytes than intact animals. Only the injection of 
Fig 7 A-B. 
Moult progression in juvenile A. desmaresti injected in 
stage C'' with H. americanus sinus gland extract (2x10"2 eq. 
and 2x^0'', eq.). Control groups were injected with Van 
Harreveld saline. The frequency distribution over the 
various stages is given in percentages. The number of 
animals is stated above each bar. Staging was conducted 1, 
2, and 3 days after injection. For the animals injected with 
2x10"'' eq. only the results for day 2 are stated. The Ρ 
value refers to the χ2 test. 
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Fig Θ. 
Size of the oocytes in relation with the body length of 
intact A. desmaresti females. 
crude sinus gland extract inhibits significantly the oocyte 
growth, measured seven days after injection. The inhibitory 
effect of sinus gland extract on oocyte growth shows a 
tendancy to be dose dependent (Fig 9 B), although 
differences between the experimental groupes are not 
significant. A complete inhibition of oocyte growth is never 
observed after sinus gland extract injection. 
Red Pigment Concentrating Hormone (RPCH) assay. 
The erythrophore concentrating capacity of 0.01 
sinus gland equivalents is very high and time dependent, as 
is shown in Fig 10 A. This result shows that A. desmaresti 
is a good test animal for measuring RPCH activity. 
Fig 9 A-B. 
Inhibiting effect on the oocyte growth of the injections of 
different doses of H. americanus sinus gland extract in 
destalked A. desmaresti females (B). Bars represent the mean 








1 2 3 4 
1 Intact females, not injected 
2 Destalked, distilled water injected 
3 „ , muscle extract injected 
4 „ , 0.01 SG EQ injected 









1 2 3 4 
Destalked, 0.02 SG EQ injected 
« , 0.05 SG EQ ,, 
„
 # 0.1 SG EQ „ 
, distilled water injected 
129 
Erythrophore index 
0 20 60 (MIN) 
¿ Δ 































Melanophore Dispersing Hormone (MDH)assay. 
P. varians possesses three types of melanophores 
(Fig 10 B). Large melanophores are found dorsally on the 
eyestalks, proximally from the ommatidia (I). The second and 
fourth abdominal segment carry caudally in a narrow band a 
number of small melanophores (II and III respectivily). The 
largest melanophores are found on the telson and uropods 
(IV). Of these three types of melanophores only one, those 
on the eyestalk, react to sinus gland extract and to the 
distal retinal pigment hormone (DRPH, Fig 10 B; DRPH is 
regarded identical to MDH by Kleinholz and Keller 1979; 
Riehm and Rao 1982; review: Rao 1985). One sinus glad 
equivalent has a melanophore dispersing action on the 
melanophores of the eyestalk of P. varians (Fig 10 B, I). 
This action is comparable to the effect of 39 ng/animal DRPH 
on the same melanophores. The two other melanophore types 
present (II-III-IV) do not react to either DRPH or sinus 
gland extract. 
Crustacean Hyperglycemic Hormone (CHH) assay. 
Effects of injection of crude sinus gland extract 
on the glucose level of the haemolymph is shown in Fig 10 D, 
both for 0. limosus (Fig 10 C, experiment A) and -4. 
leptodactylus (Fig 10 C, experiment B). A clear 
hyperglycemic reaction to H. americanus sinus gland is 
observed in both species. 
Fig 10 A. 
The effect of crude H. americanus sinus gland extract on 
erythrophores in A. desmaresti (filled circles). Values 
reflect the mean of five animals. Control animals ware 
injected with Van Harreveld saline (open squares). 
Fig 10 B. 
The effect of crude H. americanus sinus gland extract on the 
melanophore dispersion of P. varians. The melanophore 
dispersing action of H. americanus sinus gland extract (1 
eq/animal) is compared for the different types of 
melanophores present (I-IV). The reaction to DRPH (39 
ng/animal) is recorded from the melanophores on the eyestalk 
(I). The seawater injected control (not shown) gives no 
reaction. 
Fig 10 C. 
The effect of crude H. americanus sinus gland extract on the 
glycemy of 0. limosus (A-I) and A.leptodactylus (B-I) after 
injection of 0.5 sinus gland eq/animal. The control 
injections with Van Harreveld are shown in A-II and B-II 
respectively. Values are presented as the mean ±SEM, n=5. 
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DISCUSSION 
In the present investigation heterologous 
bioassays (extract from one species tested for biological 
activity in a different species) are applied to test 
biological activity in sinus gland extracts of H. 
americanus. In these bioassays various representives of the 
Decapoda are utilized. Since for at least the CHH-activity a 
physiological species or group specificity has been 
described (Leuven et al. 1982) and recently for the MDH (Rao 
et al. 1985), care should be taken when applying 
heterologous assays. 
For RPCH, MIH, and GIH no data demonstrating or 
suggesting species or group specificity are known (Rao 1985; 
Skinner 1985; Adiyodi 1985; Kleinholz 1985). Although RPCH 
may effect chromatophores other than erythrophores 
(Kleinholz and Keller 1979; Rao 1985), the RPCH active 
compound from Cardisoma carni fex (Newcomb 1983), Orconectes 
limosus (Keller and Kegel 1984) and Homarus americanus 
itself (Jaffe et al. 1984) are found at the same retention 
time in high performance liquid chromatography as the 
synthetic RPCH. Therefore, the structure of the RPCH factors 
from the three species is probably identical or almost 
identical to the synthetic Pandalus RPCH. 
MIH activity has been tested in a number of donor 
species /recipient species combinations (Soyez and Kleinholz 
1977; Freeman and Costlow 1979; Couch and Daily 1976) and in 
each case MIH activity was documented, which clearly 
indicates the lack of species or group specificity with 
respect to the active principle involved. Besides, Bruce and 
Chang (1984) recently confirmed the presence of MIH 
bioactivity in the homologous bioassay for H. americanus. 
For GIH, data concerning the group or species 
specificity are sparse (review; Adiyodi 1985). Bomirsky et 
al. (1981) describe the partial purification of GIH from 
Cancer magister , a crab. The animal used for monitoring the 
bioactivity was Crangon crangon, a shrimp. Recently, Jugan 
(1985) showed, that the GIH is directly involved in the 
binding of the vitellogenin by highly specific vitellogenin 
receptors at the oocyte membrane. The receptors of the 
oocyte membrane appear to be group specific for the 
vitellogenin part, while data concerning the effect of 
heterologous sinus gland extract are not available. However, 
a more or less distinct group specificity cannot be 
excluded. Nevertheless, the present results demonstrate that 
inhibition of oocyte growth in A. desmaresti can be used as 
a measure of GIH activity in H. americanus sinus gland 
extracts 
The situation for MDH is complicated: multiple 
melanophore types and multiple MDH forms obscure 
physiological specificity (Kleinholz 1975; Kleinholz and 
Keller 1979), although recent studies indicate that DRPH 
(=MDH) has a general pigment dispersing action (Riehm and 
Rao 1982; Rao 1985). It is obvious though, that P. Marians 
shows a specific reaction with one of its melanophore types 
to crude H. americanus sinus gland extract and to DRPH. From 
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this it is concluded that the melanophore response in P. 
varians can be utilized in an assay for MDH activity in 
H.americanus sinus gland extract. 
As mentioned earlier the CHH is the only 
crustacean hormone for which a marked physiological species 
or group specificity has been described. This specificity 
parallels the systematic classification of decapod Crustacea 
(Kleinholz and Keller 1979; Leuven et al. 1982; Martín et al 
1984). Since H. americanus and both test animals used in the 
CHH assay, 0. limosus and A. leptodactylus all belong to the 
same infraorder, the Astacidea, no major problem is to be 
expected in the testing of H. americanus sinus gland 
extracts CHH activity(Leuven 1982). This is confirmed by the 
effect of crude sinus gland extract on both test animals 
used. 
From the results presented here it is concluded 
that, although the bioassays are tested in heterologous 
donor/recipient combinations, crude sinus gland extracts of 
Homarus americanusare able to evoke a clear and specific 
response for all biological activities tested. 
With respect to the development of the MIH 
bioassay it is of crucial importance to note that, although 
moult preparation is a continuous process, many 
morphologically well defined stages can be observed in A. 
desmaresti. This results in an even finer gradation for the 
moult cycle of A. desmaresti than those proposed by Huguet 
(1972) and Descouturelle (1980) for the same animal. 
Especially the fine gradation possible around onset of 
apolysis, ranging from stage C ' to D11 (5 stages in about 3 
days in juveniles) makes A. desmaresti a good test animal. 
Within the exopodite an apolysis gradient is present (Huguet 
1972; Freeman and Bartell 1976). This phenomenon can be used 
to develop a still finer gradation in stages of the moult 
cycle from Λ. desmaresti, but it was not applied in the 
present study. 
The preliminary MIH experiments in pubertal 
animals show that the experimental conditions do not 
interfere with the preparations for the moult. The reason 
these pubertal animals do not show moult retardation or 
respond very marginally when sinus gland extract is injected 
may be twofold. Firstly, the differences in duration of the 
moult stages between juvenile and pubertal animals around 
onset of apolysis are rather large (see Fig 6), and this may 
obscure the observations in pubertal animals. In juvenile 
animals these stages are of about equal duration which makes 
the differences more pronounced and more reliable to 
determine. Secondly, the action of sinus gland extract in 
pubertal animals may reflect a greater complexity in 
endocrine regulation in comparison to the action in juvenile 
animals, due to the interference with the sinus gland-
gonadal axis (Sochasky 1973; Webb 1977). While Descouturelle 
(1980) reported that pubertal A. desmaresti are normally not 
in the reproductive state, an active sinus gland-gonadal 
axis in pubertal animals is suggested by our results on 
oocyte growth after destalking; under these conditions 
pubertal females do show oocyte growth. From the preliminary 
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experiments and the experiments performed with juvenile 
animals the optimal conditions for the MIH test in A. 
desmaresti become clear: only juvenile animals injected in 
stage С ' with about 0.02 sinus gland equivalent respond 
with moult retardation. From the results obtained with 
juvenile intact animals it is concluded that possible 
negative effects, due to the presence of the endogenous 
source of MIH, play at most a minor role. 
The growth of oocytes is generally divided into 
two phases (Charniaux-Cotton 1978): the primary 
vitellogenesis where the vitellin is of endogenous origin 
(i.e. synthesized by the oocyte itself) and the secondary 
vitellogenesis where the vitellin is of exogenous origin 
(i.e. synthesized by the adipose tissue or the 
hepatopancreas). These developmental stages of oocytes have 
also been described for A. desmaresti (Descouturelle 1980). 
Because GIH is only interactive with the secondary 
vitellogenesis (Charniaux-Cotton 1978) the removal of 
eyestalks of female A. desmaresti in the nonreproductive 
period results in a precocious secondary vitellogenesis 
which is reflected in growth of the oocyte. Injection of H. 
americanus sinus gland extracts suppresses this growth, 
although never completely. This observation is confirmed by 
Jugan (1985) in vitellogenin receptor studies, in which no 
more than 60% inhibition of receptor binding could be 
obtained. 
The responses in the MIH and GIH bioassays tend to 
be dose-dependent. The MIH is only effective in a narrow 
concentration range; at low doses no effects are measured 
while at higher doses a high mortality is encountered. A 
similar effect has been observed after 3 ecdyson injections 
used to provoke moult in experimental conditions. Under 
these conditions it has been established that in almost all 
Crustacea studied the minimal effective dose is also the 
lethal dose (review: Skinner 1985). It seems probable 
therefore, that moult regulation is a delicately balanced 
process with little tolerance to experimental manipulation. 
With the development of the MIH and GIH bioassays 
in A. desmaresti, in combination with the application of 
established bioassays for MDH, RPCH, and CHH to H. 
americanus crude sinus gland extract, purification of 
bioactive peptides from the sinus gland involved in the 
regulation of the mentioned processes can now be started. In 
the next chapter a one step HPLC separation of these 





SEPARATION OF FIVE BIOACTIVE FACTORS FROM 
THE SINUS GLAND OF Ilomarus americanas 
(H. Milne Edwards 1937) BY REVERSED PHASE 
HIGH PERFORMANCE LIQUID CHROMATOGRAHY. 
Part of this chapter was presented at the 
Vlllème Réunion des Carcinologistes 
de Langue Française, Liège, August 1983. 
ABSTRACT. 
The simultaneous separation by high performance 
liquid chromatography of five bioactive factors from the 
sinus gland of Homerus americanus is reported. From 
preliminary characterization by thin layer chromatography 
and gel electrophoresis it is concluded that the moult 
inhibiting factor and the gonad inhibiting factor are two 
distinct compounds. The melanophore dispersing factor is 
completely separated from the crustacean hyperglycemic 
bioactive factors. The sinus gland extract shows a molecular 
heterogeneity for the crustacean hyperglycemic bioactivity: 
a number of different products show either hyperglycemic 
bioactivity or are reactive with the antiserum to crustacean 
hyperglycemic hormone or display both the bio- and immuno-
activity. Two products exhibit gonad inhibiting bioactivity. 
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INTRODUCTION. 
In the previous chapter, Chapter I of Part II, 
bioassays were described for testing the moult inhibiting 
hormone (MIH) and gonad inhibiting hormone (GIH) 
bioactivities. Also the bioassays were characterized for 
monitoring red pigment concentrating hormone (RPCH), 
melanophore dispersing hormone (MDH), and crustacean 
hyperglycemic hormone (CHH) bioactivities. In this chapter 
these assays are utilized in an attempt to fractionate and 
characterize the corresponding neurohormones. Additional 
parameters used in the characterization are behaviour in 
thin layer chromotography, immunoreactivity and SDS gel 
electrophoresis. In view of the high resolution possible 
using reversed-phase high performance liquid chromatography 
(RP-HPLC), this technique was applied in the fractionation 
of sinus gland extracts. 
Since HPLC became widely available, a number of 
authors used this technique for the separation of 
neuropeptides from the crustacean sinus gland. In most of 
these studies attention was focussed on one or two 
neuropeptides and comparisons between species were made 
(Stuenkel 1983; Jaffe et al. 1982, 1984; Keller and Kegel 
1984; Martin et al. 1984). Newcomb (1983) and Newcomb et al. 
(1985) have used HPLC in the isolation of a number of 
specific sinus gland peptides from Cardisoma carni f ex and 
the determination of the amino acid composition of these 
peptides. However, characterization of the biological action 
associated with these peptides was limited to three 
neurohormonal bioactivities (RPCH, MDH, and CHH). 
In this chapter, five bioassays are applied 
simultaneously to one separation method. This approach might 
ultimately offer the opportunity to study the physiological 
relations between the different factors. 
MATERIALS AND METHODS. 
Preparation of sinus gland extract. 
Eyestalks were collected at the Catering 
facilities of the Royal Dutch Airlines (KLM Catering, 
Schiphol Airport). After removal, the eyestalks were frozen 
in solid CO2 and stored in the laboratory at -60° C. Sinus 
glands were dissected and homogenized in 0.1 N HCl at 4° C. 
Extraction was during the manipulations. After 
centrifugation (Beckmann Microfuge, 2x5 min) the supernatant 
was stored at -20° С until required. Before HPLC analysis 
the extract was centrifuged (Eppendorf, 15 min) and the 
supernatant injected onto the column. 
High Performance Liquid Chromatography (HPLC). 
Reversed phase-HPLC was applied. The column was 
either a Sperisorb 10 ODS (0.46x25cm) or a Spherisorb 5 ODS 
(1.0x25cm) both from Chrompack (Middelburg, the 
Netherlands). The latter column was equipped with a guard 
column (0.46x 7.5cm). The gradient elution was performed 
according to Martens et al. (1980). The primary solvent was 
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0.5 M formic acid with 0.14 M pyridine (pH 3). The organic 
phase was 1-propanol applied in a discontinuous linear 
gradient (0-60%), flow rate was 2ml/min. The Chromatograph 
was either a Spectra Physics model 8000 or model 8700. The 
detection unit was a Perkin Elmer LS 5 fluorometer with 
λ =278 nm λ =310 nm 
exc emm In establishing the most suitable conditions for 
running the (semi(preparative column (Spherisorb 5 ODS 
1.0x25cm) it appeared that, for reasons of pressure fall, 
simply scaling up the analytical procedure was not possible. 
It was found that a flow rate of 3.3 ml/min gave acceptable 
pressures at the end of the run. These conditions however, 
made a calibration of the retention times necessary. 
Calibration was carried out by chromatography of H-labelled 
Mus musculus neurointermediate lobe extract of which the 
elution position of the various peptides has been well 
characterized (Jenks et al. 1983). Also, the 
rechromatography of bioactive zones from the analytical 
separation and the use of synthetic RPCH was applied in the 
calibration procedure and this resulted in a good indication 
of the elution zones of the respective bioactivities after 
Spherisorb 5 ODS separation. The exact location of RPCH was 
derived from the retention time of synthetic RPCH. For MDH, 
CCH, and GIH, the exact location was determined by bioassay 
and dotting immunoassay. Detection of MIH was not possible 
because of a shortage of test animals. 
Bioassays. 
In view of the large number of HPLC-fractions, 
location of bioactivity was determined in the first cycle on 
two samples resulting from the pooling of fractions 1-70 and 
71-140. In the second cycle, the fractions from the sample 
displaying bioactivity in the first cycle, were again pooled 
into two samples containing an equal number of fractions. 
These two samples were submitted to the bioassay. In this 
way it was possible to localize the relevant bioactivity 
within 3-4 fractions by five bioassay cycles. For each 
fraction combination the same dose, expressed in sinus gland 
equivalents, was used in a given bioassay. 
The MIH (10 ODS elution only), RPCH, MDH (10 ODS 
elution), and CHH bioassays were performed as described in 
the previous chapter. THe GIH and MDH (5 ODS elution) 
bioassays were performed with Palaemonetes varians as test 
animal. The GIH was tested in P. varians, the response of 
which was essentially the same as described for Atyaephyra 
desmaresti. 
Thin Layer Chromatography (TLC). 
For TLC, plates precoated with Silicagel 60 
(Merck) with or without fluorescence indicator were used. 
The developing solvent was water: acetic acid: 
butanol = 1:1:4. Plates were pre-run once before sample 
application. After separation, substances were sequentially 
detected by fluorescence (plates without indicator, 
λ =254 nm or 280 nm) or fluorescence quenching (plates 
with indicator, λ =254 nm) followed by ninhydrin 
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spraying and finally by Ehrlich's reagent spraying (Stahl 
1969). 
For the determination of the bioactivities (MIH, 
RPCH) of the separated compounds, silica was scraped off the 
glass plate, eluted m distilled water and centrifugea. The 
supernatant was lyophylized, redissolved m Van Harreveld 
saline and injected into the test animals. 
Polyacrylamide Gel Electrophoresis (PAGE). 
Lyophilized fractions or fraction combinations 
(for details see captions) were prepared for the sodium 
dodecyl sulphate Polyacrylamide gel electrophoresis (SDS-
PAGE) according to Laemli (1970) or for the SDS-UREA-PAGE 
according to Schwank and Munkres (1971) with modifications 
according to Hames and Rickwood (1981). When a bioassay 
followed the SDS-PAGE, 5 mm slices were cut from the upper 
portion of the gel (0-2.5 cm) and 2.5 mm slices from the 
second gel portion (2.5 cm-migration front). The slices were 
eluted in 1 ml distilled water (24 h, 4° C). The eluate was 
dialysed against distilled water through a membrane with a 
cut-off of 3500 daltons (24 h, 4° C). After lyophilization 
and redissolving in Van Harreveld saline the samples were 
submitted to the CHH and GIH bioassays. 
For protein detection gels were silver stained 
according to Monssey (1981). 
Dotting Immunobinding Assay (DIA). 
The DIA was performed in a modification of the 
methods of Kafatos et al. (1979) and Hawkes et al. (1982). 
Nitrocellulose filters (Schleicher and Schuil BA 85, 0.45 
¡um pore width) were washed in distilled water for 5 min 
and air dried for at least 2 h. 1 ul samples were applied 
with a graded 5 ul disposable pipet (Blaubrand Intramark) and 
dried for at least 4h at room temperature. The filter was 
cooled to 4° С for 5 m m and washed in cooled (4° C), Tris 
buffered saline (TBS, 50 mM Tns-HCl, 200 mM NaCl, pH 7.4) 
for 5 min. Aspecific binding sites were blocked by 3% (w/v) 
normal goat serum (NGS) in TBS in a 15 min incubation step 
at room temperature. The primary antiserum was applied m 
blocking solution and the incubation proceeded overnight at 
4° С under constant and gentle shaking. After primary 
antiserum incubation, filters were washed in TBS (2x5 min 
and 2x10 m m ) and the blocking step was repeated. Goat-anti-
rabbit/peroxidase complex (GAR IgG H+L/PO, Nordic, the 
Netherlands) was added in blocking solution (1:200 dilution) 
and incubated for 2 h at room temperature followed by TBS 
washings (2x5 min and 2x10 min). For development of the 
enzymatic reaction, 4C1-1-naphtol was added as a fresh 
solution prepared by dissolving 30 mg 4C1-1-naphtol in 10 ml 
methanol, then 50 ml TBS were added and the solution was 
filtered. Just prior to use 20 ul H2O2 (30%, v/v) were 
added. The development of coloration was stopped by washing 
with distilled water. After overnight drying the reaction 
was analysed spectrophotometrically using a Leitz Orthoplan 
MPV2 (Ploem Opak Illuminator mode 2; \, =525 nm). The 
results obtained were expressed in relative reflection 
units. 
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Radioimmuno assay (RIA). 
The RIA for CHH was performed by Dr. Jaros (Bonn) 
in the laboratory of Dr. Keller as described by Jaros and 
Keller (1979). All fractions (1-140) were analyzed. 
RESULTS. 
Analytical separation over a Sperisorb 10 ODS column. 
Fig 1 A shows a typical chromatogram from H. 
americanus sinus gland extract separated over the Spherisorb 
10 ODS analytical column. The retention times of products 
showing activity in bioassays for MIH (20-22.5 min, 
fractions 40-45), RPCH (22.5-26 min, fractions 45-52), and 
MDH (26.5-31.5 min, fractions 53-63) are relatively short 
(Fig 1 B-D). Products with CHH (50-57 min, fractions 100-
114) and GIH (53-57 min, fractions 106-114) bioactivity 
elute with relatively long retention times and overlap (Fig 
1 Ε-F). From the fluorochromatogram it is evident that 
isolation is not complete for any of the bioactive products. 
The MIH, RPCH, and MDH bioactive fractions form distinct 
zones in the chromatogram. The CHH and GIH bioactive zone of 
the chromatogram contains a number of coeluting components. 
The MIH, RPCH, and MDH active fractions are 
analysed with TLC (Fig 2). Zone A of the TLC contains four 
ninhydrin-positive spots; as these are present in all HPLC-
fractions that have been tested it is concluded that these 
are aspecific compounds. Although there is MIH activity 
present in zone A (data not shown), no characteristic spot 
has been detected. It is possible that the bioactivity 
comigrates with one of the aspecific spots detected or that 
the bioactive material is below the detection limit of, or 
is undetectable with the staining method used. The synthetic 
RPCH shows two Ehrlich-positive, ninhydrin-negative spots, 
the most prominent one having an Rf= 0.37. The RPCH 
bioactive HPLC-fractions show a single Ehrlich-positive spot 
with Rf= 0.37. In the RPCH bioassay zone С from TLC is 
highly bioactive. However , zones A and В are not inactive 
(Fig 3). The MDH bioactive HPLC fractions gave no specific 
spots in TLC. MDH bioactivity was not tested for after TLC. 
The CHH and GIH bioactive HPLC fractions show a 
number of bands gfollowing SDS-PAGE and silver staining (Fig 
4). In visualizing the weaker staining bands long 
development times were required. The material present 
Fig 1 A-F. 
High performance liquid fluorochromatogram of 0.1 N HCl 
extract from Homarus americanus sinus glands. The extract 
was prepared from 40 glands. Separation at ambient 
temperature was on Sperisorb 10 ODS (250x4.6mm i.d.) with a 
flow rate of 2ml/min; fractions were collected every 30sec. 
Primary solvent: 0.5 M formic acid-0.14 M pyridine (pH=3.0). 
The secondary solvent, 1-propanol, was applied in a 
discontineous linear gradient as indicated. Fractions were 
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Fig 2. 
Thin layer chromatography of the moult inhibiting, red 
pigment concentrating, and melanophore dispersing bioactive 
fractions resulting from high performance liquid 
chromatography. The solvent was water: acetic acid: 
butanol=1:1:4. Even numbered fractions were used for the 
detection of bioactivity, uneven numbered fractions to 
detect spots as indicated. 
between Rm 0.0 and Rm 0.15 is found in all HPLC-fTactions (1-
140) and therefore is considered as aspecific material. Of 
the specific bands, the band with the highest 
electrophoretic mobility, which is also the most prominent 
band present (Rm=0.65, apparent Mr ±6000 daltons) appears in 
the electropherograms beginning at about HPLC-fraction 1OO 
and slowly decreases in intensity after HPLC fraction 110. 
As this coincides with the CHH bioactivity in the HPLC-
fractionation (i.e. fractions 100-114) it is possible that 
this band represents CHH. Just before the Rm 0.65 band 
another band is present but, due to the staining, it is not 
clearly distinguishable m the figure. This band has an Rm 
value of 0.62 and an apparent Mr of about 8000 daltons. 
Together with the bands which have an Rf value between 0.46 
and 0.52 (Mr ±21000 daltons to Mr ±13700 daltons) it appears 
at approximatively HPLC-fraction 105, has clearly diminished 
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Fig 3. 
Erythrophore concentrating activity of the thin layer 
chromatography elution zones indicated in Fig 2. 
The correspondence of these bands with the GIH bioactivity 
exhibited by the HPLC-fTactions suggests that one of them 
may represent GIH. The very light band with Rm=0.20 (see 
arrow) has an apparent Mr of about 45000 daltons. 
In the GIH bioassay after SDS electrophoresis, 
two gel slices contain major bioactivity. The slices 
correspond to the silver stained bands with Rm=0.20 an 
Rm=0.62 (Fig 5). No CHH bioactivity can be detected after 
SDS electrophoresis. Also the DIA using anti-
(Л. leptodactylus )CHH is negative. In view of these results 
an experiment was conducted to confirm the CHH localization 
in the analytical elution profile using the DIA with anti-
(A. leptodactyiusJCHH (Fig 6 D). Besides the strong positive 
immunoreaction in fractions 95-114, which corresponds 
closely to the elution position of the CHH bioactivity (Fig 
6 B), a positive immunoreaction is also obtained in 
fractions 50-59. Also, the region comprising fractions 71-35 
showed a weak positive immunoreaction. The results from the 
DIA are confirmed in the radioimmunoassay (RIA) which shows 
a major peak of immunoreactivity in fractions 92-1 OS with 
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Serai preparative separation over a Sherisorb 5 ODS column. 
The fluorochromatogram obtained with the semi 
preparative Sperisorb 5 ODS column shows a profile that is 
rather different from the one obtained by the analytical 
Sherisorb 10 ODS column (Fig 7 A-I; c f . Fig 1 A this 
chanter). It proves to be a very consistent pattern making 
the numbering of peaks from I to XI possible. Peak I and II 
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Fig 5. 
Gonad inhibiting bioactivity of dodecyl sulphatee gel 
fractions. Fractions resulting from the high performance 
liquid chromatography separation were separated on a sodium 
dodecyl-acrylamide (15%) slab gel. Even numbered lanes were 
eluted for bioassay, uneven numbered lanes were silver 
stained. 
are of unknown nature and likely represent polar material 
not retained by the column. Peak III is likely RPCH as 
indicated by its coelution with synthetic RPCH (Fig 7 A-II). 
MDH bioactivity elutes in fractions 86-90 and is not 
detected as a peak with the fluorescent detection method 
used (Fig 7 B). 
Bioassaying for CHH resulted in two distinct 
bioactive zones; fractions 122-127 (Peak VII and Peak VIII) 
and fractions 130-132 (Peak X). Peak XI (fractions 133-140) 
also contains material that evokes a hyperglycemic reaction. 
The DIA with anti-fd. leptodactylus) CHH is positive in 
Peaks V, VI and VII, Peak X and Peak XI. Peaks VIII and IX 
are immunonegative in the DIA (Fig 7 A-III). The GIH 
bioactivity is located in fractions 121-127(Peak VII and 
Peak VIII, Fig 7 D). Only one bioactive region is found for 
this bioactivity, comcedent with the CHH bioactive elution 
zone. 
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The SDS-Urea electrophoresis for the combined 
Peaks VII and VIII (fractions 122-127) and Peaks IX and X 
show an identical banding profile (Fig 8). The combined 
Peaks V and VI (fractions 115-121) show two very faint bands 
between Rm=0.6 and Rm=0.7 (see arrows, Fig 8). The material 
between Rm=0.0 and Rm=0.2 is regarded as aspecific. All 
lanes contain the 7500 daltons and 5700 daltons band 
although intensity is different for each lane. 
DISCUSSION. 
From the results presented it is clear that the 
HPLC elution system used by Martens et al. (1980) for 
peptides of the pars intermedia from Xenopus lacvis 
pituitary gland, is also suitable for separation of 
bioactive products from the sinus gland of Homerus 
ameri canus: three (moult inhibiting, red pigment 
concentrating and melanophore dispersing activity) out of 
the five bioactivities tested could be separated after 
chromatography over Spherisorb 10 ODS. The remaining two 
(gonad inhibiting and hyperglycemic activity) were not 
completely resolved. With reference to the extraction, 
elution and detection procedures used, we assume the 
separated products to be peptides, a feature that is 
supported by their chromatographic and electrophoretic 
behaviour. 
The fluorescent detection method used is specific 
for tryptophan, tyrosine and phenylalanine but the 
contribution of tryptophan is by far the most important 
(Brand and Witholt 1967). We thus assume that neither MIH or 
MDH contain tryptophan, or that these peptides are present 
in very low quantities, since MIH and MDH bioactive zones do 
not coincide with peaks of fluorescent emission in the 
chromatogram. For MDH, this assumption is supported by the 
amino acid composition of MDH of Uca pugilator (Rao et al. 
1985) and DRPH, considered to be identic to MDH (Kleinholz 
and Keller 1979, Riehm and Rao 1982). MDH and DRPH contain 
none of the mentioned three fluorescent amino acid residues 
(Fernlund 1976). Bioactive elution zones for Я. americanus 
RPCH, CHH, and GIH correspond with regions of fluorescent 
emission, thus indicating the likelyhood that these products 
contain tryptophan. For RPCH (Pandalus borealis; Fernlund 
and Josefsson 1968) and CHH (Orconectes limosus and Carcinus 
raaenas; Keller 1981) the presence of tryptophan has been 
established. However, some reservation is necessary with 
Fig 6 A-D. 
The relation between MDH bioactivity tested in Uca pugilator 
(A), CHH bioactivity tested in Orconectes limosus (B), the 
immunoreactivity to anti-(Carcinus maenas) CHH in the 
radioimmunoassay (C), and the immunoreactivity to anti-M· 
Ieptodactyius)CHH in the DIA (D). Tests were performed as 
described in Materials and Methods. In Fig 6 D the broken 
line indicates twice the mean background level calculated 
from the values obtained for fractions 1-40. 
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respect to the interpretation of the RPCH peak, since in the 
RPCH bioactive region a high fluorescent compound of non 
proteinaceous nature has been described by Newcomb (1983). 
Detection of the peptide bond in the U.V. region (Gratzer 
1976) was not sensitive enough to detect any peak in the 
eluent. It is well known however, that fluorescent detection 
of the intrinsic tryptophan fluorescence is about two orders 
of magnitude more sensitive than the peptide bond detection 
method. 
We experienced that during storage of eyestalks (-
60° C) MIH activity eventually is lost. Also we found that 
during the isolation procedure the MIH loses its activity 
quickly after the HPLC separation step. The reason for this 
is not clear. It may be due to the oxidation of methionine, 
as proposed for some other crustacean neuropeptides (DRPH, 
Fernlund 1971; CHH, Keller and Kegel 1984). One report 
describes MIH as being an indole alkylamine (Soyez and 
Kleinholz 1977) but a number of other studies (Rao 1965; 
Freeman and Bartell 1976; Gersch et al. 1977; Freeman and 
Costlow 1979 and Keller and O'Connor 1982) have indicated 
that the MIH activity is likely represented by a peptide. 
Its molecular weight appears to be low: estimations range 
between 1000 daltons and 5000 daltons (Freeman and Bartell 
1976; Gersch et al. 1979; Freeman and Costlow 1979). 
Although no strict correlation exists between molecular 
weight and retention time in RP-HPLC, the fact that MIH 
elutes even before RPCH (Mr=930 daltons) suggests a low 
molecular weight for this product. 
The chromatographic characteristics of RPCH from H. 
americanus show that it is closely related with or identical 
to the synthetic RPCH from Pandalus borealis (Fernlund and 
Josefsson 1968, 1972) a feature that also has been 
established recently by Jaffe et al. (1984). Keller and 
Kegel (1984) have reported a similar situation for RPCH in 
Eriocheir sinensis, Orconectes limosus and Carcinas maenas. 
The similarity of native H. americanus and synthetic P. 
borealis RPCH is further indicated by the fact that both 
forms are ninhydrin-negative. They are however, reactive 
with Ehrlich's reagent and thus contain tryptophan. 
Fig 7 A-D. 
High performance liquid fluorochromatogram of 0.1 N HCl 
extract from Homerus americanus sinus glands. The sample 
applied was from 200 glands. Separation of the extract (Fig 
7 A-I) at ambient temperature was on Spherisorb 5 ODS 
(250x10mm i.d.) at a flow rate of 3.3ml/min; fractions were 
collected every 30sec. Elution conditions were the same as 
for the Spherisorb 10 ODS elution. At 1 the detectors 
sensitivity was increased from 0.5 μΑ full scale to 0.02 μΑ 
full scale, at 2 it was decreased again to 0.5 цА full 
scale. Calibration with synthetic red pigment concentrating 
hormone (10 ugr, Fig 7 Aa-II) was carried out with a 
recorder sensitivity of 1.0 μΑ full scale constantly. 
Bioactivities (Fig 7B-D) were tested as described in 
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Concerning the CHH and GIH bioactive factors, the 
CHH is rather well defined. It is a peptide of about 6000 
daltons that has been isolated from a number of species. For 
a number of these, the amino acid compositions have been 
established (Kleinholz and Keller 1979; Keller and Kegel 
1984; Martin et al. 1984). Antisera have been raised against 
A . leptodactylus CHH (Van Herp and Van Buggenum 1979) and С 
maenas CHH (Jaros and Keller 1979). By use of the anti-M. 
Ieptodactyius)CHH, Kallen (1985) has described the CHH 
neurosecretory system in the eyestalk of A. leptodactylus at 
the light- and electronmicroscopical level. Since the 
hyperglycemic factor of H.americanus loses its bioactivity 
after SDS-PAGE, a finding in contradiction to that of Keller 
(1977) for CHH from 0. limosus, the unequivocal 
identification of CHH was difficult. However,based on the 
present results obtained for the electrophoretic behaviour 
in SDS-PAGE of CHH bioactive HPLC-fTactions, the DIA, and 
the RIA it is suggested that the band with the highest 
electrophoretic mobility is CHH. The apparent molecular 
weight of this compound is about 6000 daltons. This deviates 
strongly from the 1500 daltons reported for H. amcricanus 
CHH by Trausch and Bauchau (1981) but it compares favourably 
with the results for CHH in other Crustacea (Kleinholz and 
Keller 1979; Keller and Kegel 1984; Martin et al. 1984). 
The RIA and the DIA of the 10 ODS elution 
indicate at least three, closely eluting forms of CHH in the 
bioactive zone. The phenomenon of multiple molecular forms 
of CHH bioactive material is also seen, in a somewhat more 
pronounced form, in the preparative 5 ODS elution. In the 5 
ODS system there are at least two CHH bioactive zones 
apparent ( Peaks VII and VIII and Peak X). The origin of the 
bioactivity displayed by Peak XI is not certain. It may be 
caused by the remainder of material from Peak X, although 
the immunoreactivity in the DIA indicates that CHH-like 
material is intrinsic to Peak XI. In addition to Peak XI a 
number of other peaks are immunoreactive to anti-(Д. 
leptodactylus)-CHH, although immunoreactivity and 
hyperglycemic activity are not completely corresponding. The 
discrepancy between the bioassay and immunochemical data is 
not clear. It may indicate differences in sensitivity 
between the bioassay and immunoreactivity. An alternative 
Fig 8. 
Dodecyl sulphate-urea acrylamide gel electrophoretical 
analysis of Peaks V and VI (fractions 115-121), Peaks VII 
and VIII (fractions 122-127), and Peaks IX and X (fractions 
128-132) from the Spherisorb 5 ODS elution. The analyzed 
peaks represent the crustacean hyperglycemic factors and the 
gonad inhibiting factor. The high molecular weight material, 
O.OiRmsO.15 is present in all fractions and regarded as 
aspecific. The markers used for calibration were 1: 
cytochrome С (12400 daltons), 2: aprotinin (6500 daltons), 
and 3: insuline В chain (3400 daltons). The markers shown 
were run in the same gel as the separations shown. 
153 
explanation may be found in the supposition that the 
different fluorescent peaks represent intermediate products 
in the processing of the CHH, with only some of these 
products possessing bioactivity but all products possessing 
immunoreactivity. From the combined data of the CHH bioassay 
and the DIA, with those for the GIH bioassay, it seems 
likely that Peak VIII represents the GIH bioactive material. 
It is obvious that, although the resolution in the 5 ODS 
system is better than in the 10 ODS system, CHH and GIH 
bioactive materials still are coeluting (Peak VII and VIII). 
As mentioned, the significance of the multiple 
forms of CHH is not understood. Newcomb (1983) and Newcomb 
et al. (1985) have described two, possibly three, CHH active 
factors in the crab Cardisoma carni f ex. In contrast, Martin 
et al. (1984) in Porcellio dilatatus, Keller and Kegel 
(1984), and Keller et al. (1985) studying the CHH of 
Carcinus maenas, Eriocheir sinensis and Orconectes limosus 
described only one CHH bioactive factor. It should be 
pointed out however that in the study of Keller and Kegel 
(1984) the bioactive zone seems to constitute two or three 
U.V. absorbing compounds. From the present data it cannot be 
concluded whether the multiple CHH molecular forms have 
physiological significance or are artefacts caused by either 
oxidation of methionine as suggested by Keller and Kegel 
(1984) or by other artefacts introduced during the 
extraction and chromatographical procedures. 
After SDS-PAGE two GIH active factors are found, 
that appear to coelute in the 10 ODS sytem. The apparent 
molecular weights are about 45000 daltons and ±7000 daltons, 
respectively. Both estimations deviate from the 2000 daltons 
Bomirsky et al. (1981) stated for the GIH of Cancer 
magister. It is not known whether there is a precursor-
product relation between these two compounds but processing 
of bioactive peptides from large precursor molecules is well 
established in both vertebrates and invertebrates. The 
possible relationship between both products with GIH 
bioactivity is currently under investigation. 
The MDH and DRPH are regarded as identical by 
Kleinholz and Keller (1979) and Riehm and Rao (1982). 
Although one of the light adapting factors (DRPH) has been 
fully characterized (Fernlund 1976), the status of MDH 
(=DRPH) is rather confusing. From the data presented by 
Kleinholz (1972), Keller (1977), and Kleinholz and Keller 
(1979) it is concluded however that the MDH is a very 
polymorphic hormone. Keller (1977), in a comparative gel 
electrophoretic study of CHH in 0. limosus also assessed MDH 
bioactivity. He found, even after SDS electrophoresis, that 
CHH and MDH bioactivity were associated with the same band. 
As 0. limosus is closely related to A. leptodactylus in the 
latter animal a similar situation may exist. Since the CHH, 
used to raise the anti-(Λ. Jeptodactylus)CHH has been 
purified by gel electrophoresis and gel filtration (Gorgels-
Kallen and Van Herp 1981) this may explain the immunological 
crossreactivity with the MDH bioactive product. However, 
after the HPLC separation of sinus gland extract of H. 
americanus the MDH and CHH bioactive zones are well defined 
and not coincedent. This has also been found in C. maenas 
154 
and E. sinensis (Keller and Kegel 1984), but not in 0. 
limosus (Keller and Kegel 1984), and С carnifex (Newcomb 
1983; Newcomb et al. 1985). 
In the scaling up procedure from the analytical 
to the preparative scale, some technical difficulties had to 
be overcome. These made the calibration of the Spherisorb 5 
ODS system necessary. The larger column dimensions mainly 
effects the shallow parts of the gradient. In those parts of 
the gradient the elution character shifts towards the 
isocratic mode and retention times become longer (RPCH and 
MDH). In the steeper parts of the gradient, retention times 
are almost identical to those obtained in the analytical 
system. The overall resolution is enhanced by the smaller 
particle size of the packing material. 
Since native H. americanus RPCH coelutes with 
synthetic RPCH in the analytical procedure this peak was 
easely identified. MDH eluted in one narrow zone well 
separated from RPCH and CHH. MIH was not assayed because of 
a shortage of test animals. 
Additional to these five bioactivities 
preliminary results (not shown) were obtained concerning a 
factor effective in the maintenance of the haemolymph 
osmotic pressure of eyestalk ablated, juvenile H. americanus 
during osmotic hyperregulation (Charmantier et al. 1984a). 
First results indicate that the factor responsible for this 
bioactivity elutes very early in the 5 ODS elution, even 
before the, calculated, MIH bioactive zone. Currently this 
bioactivity is subject to further investigations. 
SDS-PAGE and SDS-urea PAGE of the GIH and CHH 
bioactive HPLC-fractions show that a number of components 
coelute, both in the 10 ODS and the 5 ODS system. Since 
Newcomb (1983), Newcomb et al. (1985), and Keller and Kegel 
(1984) have reported that the one-step HPLC procedure they 
apply, yields virtually pure products, it must be concluded 
that in the last part of our gradient, resolution is not 
optimal although multiple forms of CHH are separated. As a 
consequence, additional purification steps are necessary. 
In conclusion: analytical scale and 
semipreparative scale HPLC have proved to be very useful 
techniques for the separation of a number of biological 
active peptides from the decapod crustacean sinus gland. 
Five bioactive, peptidic factors are recovered from the 
sinus gland of H. americanus in the HPLC-fractionation. 
These factors are active in the moult inhibition, the red 
pigment concentration, the melanophore dispersion, the 
haemolymph hyperglycemic, and the gonad inhibition tests 
respectively. The presence of an osmoregulatory factor in 
the sinus gland is established. The regulatory factors 
likely represent neurohormones. The first experimental 
evidence is presented indicating that MIH and GIH bioactive 
factors are different products. Hyperglycemic bioactivity is 
present in several HPLC elution zones, melanophore 
dispersing activity in only one zone, that is well separated 
from the CHH bioactive regions. In the next chapter, an HPLC 
procedure is described leading to a complete separation of 




PURIFICATION OF THE GONAD INHIBITING 
HORMONE AND OF TWO FORMS OF THE 
CRUSTACEAN HYPERGLYCEMIC HORMONE FROM 
SINUS GLANDS OF Homarus americanus 
(H. Milne Edwards >837). 
ABSTRACT. 
A two step purification procedure is presented for 
the gonad inhibiting bioactive factor and two hyperglycemic 
factors. Two other hyperglycemic factors need additional 
steps before isolation to purity is obtained. 
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INTRODUCTION. 
In Chapter II Part II the separation was described 
of five neuropeptides from the sinus gland of Homerus 
americanus (H. Milne Edwards 1837) by high performance 
liquid chromatography (HPLC). Although most of the 
bioactivities were well separated, analysis by sodium 
dodecyl sulphate electrophoresis (SDS) followed by 
silverstaining, revealed substantial amounts of 
cochromatographing material of unknown character. This 
material was not easily removed and, as a consequence, 
isolation to purity was not possible with the system 
employed. 
Recently, Newcomb (1983); Martin et al. (1983); 
Keller and Kegel (1984), and Newcomb et al. (1985) have 
described methods for isolation of crustacean neuropeptides 
by a reversed phase HPLC procedure. In these studies 
trifluoroacetic acid in water was used as the primary 
elution solvent and either n-propanol (Newcomb 1983; Newcomb 
et al. 1985) or acetonitrile (Martin et al. 1984; Keller and 
Kegel 1984) was used as the secondary elution solvent. These 
applications of HPLC resulted in the isolation of several 
products with a high degree of purity but gave a less than 
optimum resolution in the CHH region. Therefore, we decided 
to develop an HPLC purification procedure based on the above 
mentioned elution systems and our own results from HPLC 
separation of sinus gland extract (Chapter II Partii) in an 
attempt to optimize the resolution in the CHH region. In 
addition a study was conducted to compare the effects of 
different extraction methods on the structural integrity of 
the sinus gland peptides. Special attention was given to the 
possibility that peptides were oxidized during isolation. 
MATERIALS AND METHODS. 
Extraction methods for H. americanus sinus gland peptides. 
Eyestalks were collected at the Catering facilities 
of the Royal Dutch Airlines (KLM catering. Schiphol 
Airport). They were immediately frozen on solid CO2 and in 
stored at -60° С in the laboratory until required. The 
number of sinus glands used in the subsequent extractions is 
stated in the respective chromatogram. The following 
procedures were applied: 1) 0.1 normal hydrochloric acid 
extraction of sinus glands. This was done according to the 
standard procedure described in Chapter II, Part II. 2) 
Boiling water/acetic acid extraction modified from Newcomb 
(1983). Sinus glands were homogenized in 300 ul distilled 
water and heated to 100° С for 5min in a boiling waterbath. 
Glacial acetic acid was then added to give a final 
concentration of 0.1 M. The homogenate was centrifugea and 
the pellet reextracted twice with 300 yl 0.1 M acetic acid. 
3) Acetic acid extraction modified after Keller and Kegel 
(1984) and Martin et al. (1984). Sinus glands were 
homogenized and extracted for four hours in 2 M acetic acid. 
After centrifugation the pellet was reextracted overnight 
with 2 M acetic acid. 4) Ammoniumacetate extraction as 
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described by Martin et al. (1984) without modifications. 5) 
An extraction procedure involving the removal of chloride 
ions to assess the possible influence of chloride ions on 
peptide ionization following a standard 0.1 N HCl 
extraction. The sinus gland extract was chromatographed on a 
DEAE column (0.6x3.5cm) equilibrated with 0.2 M acetic acid. 
6) An extraction procedure to evaluate the influence of 
oxidation during the standard 0.1 N HCl extraction and HPLC 
separation. 2x10"'' M Thiodiethanol was added to all solvents 
used for extraction and HPLC to prevent oxidation. 
For each of the above extraction methods the 
supernatants of extraction and reextraction were combined 
and lyophilized. The resulting six samples were redissolved 
in the primary solvent and subjected to reversed-phase high 
performance chromatography. 
Analysis of sinus gland extracts by linear gradient HPLC 
elution. 
HPLC was performed using an LKB pump in combination 
with a Nucleosil C-18 (10 um) column (dimensions 0.46x30cm). 
The linear 1-propanol gradient (16%-32% over 42min) was 
generated by a peristaltic pump (Pharmacia) pumping 0.1% 
trifluoroaceticacid (TFA) in water with 32% 1-propanol 
(TFA/H20/1-Prop 32%) into the mixingflask containing the 
primary solvent (TFA/H20/1-Prop 16%) at a flowrate of 
Iml/min. This flow rate was also used for column elution. 
the exact gradient was monitored by recording the pressure 
fall that proved to be strictly correlated with the 
percentage 1-propanol. U.V. detection at 280 nm of eluted 
products was carried out with an HPLC flow cell. One ml 
fractions were collected with a Pharmacia Frac 100 fraction 
collector. 
Test for homogeneity of HPLC peaks by SDS-Urea-PAGE. 
Sodium dodecylsulphate-urea-Polyacrylamide 
electrophoresis (SDS-Urea-PAGE) was carried out according to 
Schwank and Munkres (1971) with the modifications of Hames 
and Rickwood (1981) This was followed by silver staining of 
Fig 1 A-F. 
High performance liquid densito chromatogram of A: 0.1 N HCl 
sinus gland extract (100 glands); B: boiling water-0.1 M 
acetic acid sinus gland extract (50 glands); C: 2 M acetic 
acid sinus gland extract (30 glands); D: ammoniumacetate 
sinus gland extract (30 glands); E: 0.1 N HCl sinus gland 
extract (30 glands) DEAE (acetic acid) chromatographed, and 
F: 0.1 N HCl sinus gland extract (30 glands) with 2x10 '"* M 
thiodiethanol present in all solvents. Separation at ambient 
temperature was on Nucleosil 10 ODS (300x4.6 i.d.) with flow 
rate of Iml/min; fractions were collected every minute. 
Primary solvent was 16% 1-propanol and 0.1% trifluoroacetic 
acid in water. The secondary solven, 32% 1-propanol and 0.1% 
trifluoroacetic acid in water was applied in a continuous 
linear gradient as indicated. Bars indicate absorbance units 
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the gels according to the procedure described by Morrissey 
(1981 ) . 
Rechromatography of HPLC peaks obtained by gradient elution 
under isocratic conditions. 
Peaks V-X (see results. Fig 1 A) were 
rechromatographed under isocratic conditions with the same 
equipment as was used for the gradient elution. Peaks V, VI, 
VII, and VIII were subjected to chromatography with 
TFA/H20/1-Prop 24%, the elution buffer for Peaks IX and X 
was TFA/H2O/I-Prop 25%. The elution conditions for the 
isocratic system were selected on the basis of the results 
obtained for RPCH (see Results). 
Identification of the eluted peaks by bioassays. 
Bioactivities were assayed as described in Part II 
Chapters I and II. Palaemonetes varians was used for the 
RPCH and GIH bioassays. CHH was tested in Orconectes 
li mos us . 
Identification of the eluted peaks by dotting immunoassay 
(DIA). 
The DIA, utilizing anti-Astacus leptodactylus CHH, 
was performed as described in Chapter II, Part II. 
RESULTS. 
Extraction methods. 
Chromatography of the 0.1 N HCl extract from sinus 
glands of Homarus americanus in TFA/H2O and a linear 
gradient of 1-propanol from 16%-32% results in the U.V. 
pattern presented in Fig 1 A. The chromatogram proved to be 
reproduceable (c.f. Fig 1 A with Fig 4 which represent the 
profiles of two different HPLC elutions). The major peaks 
are numbered I-XI. Peaks I and II are polar material not 
retained by the column. Peak III has been characterized as 
an artefact caused by the solvent. Peak IV likely represents 
RPCH as is apparent from Fig 3. Peaks V-X elute in three 
groups, each group consisting of two compounds which are not 
Fig 2. 
Dodecyl sulphate urea electrophoresis of Peaks Vs-X. 
Fraction 45 contains Vs and part of V, fraction 46 Peaks V 
and VI, and fraction 47 the remainder of Peak VI. Peak VII 
and part of Peak VIII are located in fraction 48. Fraction 
49 contains the last part of Peak VIII. Peak IX elutes in 
fraction 51 and Peak X in fraction 52. Proteins and peptides 
were detected by silver staining. A high amount of aspecific 
regarded material is present (heavy silver deposit in the 
region with RFS0.2). The markers used were 1: cytochrome С 
(12.400 daltons); 2: aprotinin (6.500 daltons); 3: insuline 
В chain (3.400 daltons). The lane containing the markers 
originates from the same gel as used for the fractions. 
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completely resolved. Peak V consistently shows a shoulder at 
its front edge, indicated by Vs. The composite Peak XI 
contains rather apolar material. It was not further 
analyzed. For comparison of the different extraction methods 
the relevant parts of the resulting chromatograms are shown 
in Fig 1 B-F. All chromatograms, with exception of the one 
resulting from the Newcomb (1983) procedure (Fig 1 B) are 
qualitatively comparable. However, peak height may differ 
for the different extractions used. While it would appear 
that the acetic acid extraction (Fig 1 C) was more 
effective, it should be pointed out that this is an 
Fig 3 A-E. 
Isocratic high performance liquid chromatography of red 
pigment concentrating bioactive products. A; synthetic red 
pigment concentrating hormone (RPCH,1 ugr), B; native RPCH 
bioactive material isolated with the Spherisorb 5 ODS system 
(Fig 7 Chapter II part II), C; synthetic RPCH (0.1 ugr), D; 
native RPCH bioactive material isolated with the Nucleosil 
10 ODS system (Fig 1A this chapter). Separation on Nucleosil 
10 ODS (300x4.6 mm i.d.)at ambient temperature with a flow 
rate of 1 ml/min under isocratic conditions. Solvent either 
16% (A,B) or 17% (C,D) 1-propanol and 0.1% trifluoroacatic 
acid in water. Fig 3 E shows the RPCH bioactivity of the 
respective zones from Fig 3 B. Dose was o.l sinus gland 
equivalent, control Van Harreveld saline. 
Fig 4. 
High performance liquid chromatographic separation of 0.1 N 
HCl extract from Homarus americanas sinus glands (100 
glands) with Nucleosil 10 ODS (300x4.6mm i.d.). Elution 
conditions were the same as described for Fig 1 A. Peaks 
numbered Vs-X were collected and subjected to 
rechrcmatography under isocratic conditions the results of 
which are represented in Fig 5. 
Fig 5 A-E. 
Rechromatography of Peaks Vs and V (Fig 5 A), Peak VI (Fig 5 
B), Peak VII (Fig 5 C), and Peak VIII (Fig 5 D) on Nucleosil 
10 ODS with 24% 1-propanol and 0.1% trifluoroacetic acid in 
water. Fig 5 E shows the result for the rechromatography of 
Peaks IX and X with 25% 1-propanol and 0.1% trifluoroacetic 
acid in water. Peaks Vs-X originate from the chromatogram 
shown in Fig 4. Peaks V's-X' were assayed for gonad 
inhibiting bioactivity (except Peaks V's and VI') and 
crustacean hyperglycemic bioactivity. Immunoreactivity to 
the anti-(/4. leptodactylus) crustacean hyperglycemic hormone 
was assessed in a dotting immunoassay the results of which 
are presented as reflection units. Hyperglycemic bioactivity 
is expressed in mg glucose/100ml haemolymph and gonad 
inhibiting bioactivity as percentage inhibition. Results of 
the crustacean hyperglycemic bioassay are represented as the 
mean ±SEM, * indicates significance at the 5% level, ** at 
the 1% level in the student t test versus the control value 
(C). 
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overnight extraction. As hydrolysis has been a problem with 
such a long extraction time, shorter extraction times have 
been tested (4h). In that case an elution profile comparable 
to that obtained with 0.1 N HCl is found. Extraction with 
ammonium acetate clearly gives a reduced yield (Fig 1 D). 
Fig 1 E shows the resulting HPLC chromatogram after DEAE 
treatment. It is evident that chloride ions have no 
influence on elution position. DEAE ion exchange 
chromatography led to a considerable loss of material. 
Extraction and chromatography in the presence of 
thiodiethanol gave an almost identical chromatographic 
profile (Fig 1 F) as that obtained with 0.1 N HCl extraction 
(Fig 1 A). 
SDS-Urea-PAGE analysis of Peaks V-IX. 
The SDS-Urea-PAGE of selected fractions isolated 
from the linear HPLC gradient (Fig 1 A) shows that the main 
components eluting in fractions 44-53 are very similar in 
apparent molecular weight (6000-7000 daltons. Fig 2). It is 
also evident that the HPLC fractionation does not result in 
a complete resolution, since all fractions contain two to 
four components. A high amount of aspecific material, 
RmsO.2, is present. 
Rechromatography of Peaks V-X under isocratic conditions. 
The SDS-Urea-PAGE results led us to run selected 
fraction, collected from the linear gradient, in an 
isocratic mode. In order to evaluate whether the solvent 
composition for an isocratic elution mode can be directly 
derived from the elution conditions at which the various 
peaks elute during gradient elution, a preliminary test was 
conducted with synthetic RPCH and native RPCH isolated from 
H. americanus by gradient elution with the TFA/H20/1-Prop 
system. As well, native RPCH isolated with the 
pyridine/formic acid/1-propanol system from Chapter II Part 
II was assessed with the isocratic elution. In these 
preliminary experiments RPCH was chosen because of the 
availability of the synthetic form of this peptide. Results 
are shown in Fig 3 A-Ε. It is evident that gradient 
conditions at the time of peak elution are suitable for 
selecting elution conditions in rechromatography of the peak 
of interest in isocratic conditions. It is also clear that 
the TFA/H20/1-Prop gradient is more suitable as first step 
than the pyridine/formic acid/1-Prop system. 
Selected fractions (44-47 and 51) corresponding to 
Peaks Vs-VIII and Peak X, as shown in the chromatogram of 
Fig 6. 
Dodecyl sulphate urea gelectrophoresis of peak fractions 
from Peaks Vs'-X' with the exception of Peak VI'. The 
markers used are 1: cytochrome С (12.400 daltons); 2: 
aprotonin (6.500 daltons), and 3: insulin В chain (3.400 
daltons). The markers were run in the same slab gel as the 
peak fractions. 
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Fig 4. have been rechromatographed in an isocratic mode with 
24% 1-propanol (Peaks Vs, V, VI, VII, and VIII) or 25% 1-
propanol (Peak X). This resulted in a number of relatively 
well separated products (Fig 5 A-Ε). The peaks have been 
numbered according to their correspondence with the peaks 
obtained from the gradient elution. A prime has been added 
to indicate that, while the correspondence is highly 
probable, it is not a certainty. 
The CHH bioassay reveals two bioactive zones which 
correspond to Peaks V's and V' respectively. The DIA (anti-
A. leptodactylus CHH) showed reactivity in four regions (Fig 
5, A Peak V'; Fig 5 B, Peak VI', and Fig 5 E, Peak IX' and 
Peak X'). The GIH bioassay revealed one positive peak (Fig 4 
C, Peak VII'). 
SDS-Urea-PAGE analysis of Peaks V'-X'. 
Beside the aspecific material present (Rm 0.0-0.2, 
see Chapter II Part II), the electrophoretic analysis shows 
that the GIH bioactive peak (Peak VII') contains only one 
apparent band after silver staining (Fig 6, Peak VII'). The 
Rm indicates an apparent molecular weight of about 7000 
daltons. The peaks displaying hyperglycemic bioactivity 
(Peak V's and V') contain two components with an apparent 
molecular weight of about 12.600 daltons and about 7000 
daltons respectively. The product from Peak VIII' exhibits 
neither CHH nor GIH bioactivity nor does it show CHH 
immunoreactivity. Electrophoresis reveals one band after 
silver staining with an apparent molecular weight of about 
7000 daltons. Each of the two peaks that are immunoreactive 
to anti- (/l.IeptodactyIus)CHH, Peak IX' and Peak X', show 
only one band after electrphoresis. The apparent molecular 
weight of the two components is about 7000 daltons. 
DISCUSSION. 
The chromatogram that results from the TFA/H2O/I-
Prop linear gradient elution shows a strong resemblance with 
the pyridine/formic acid/1-Prop in the semipreparative 
elution (Chapter II, Part II). At the end of both 
chromatographic procedures three groups of two peaks elute, 
followed by one composite peak. The conditions at the time 
of elution are comparable in both systems applied as far as 
the percentage 1-popanol is concerned.The last peak, Peak 
XI, contains probably several products as is indicated by 
the shoulders of the peak. Comparison of the chromatograms 
obtained with the two different gradient elutions, indicated 
that within the region containing Peaks V-X in the TFA/H20/I-
Prop elution products would be found to represent the CHH 
and GIH bioactivity. This supposition was confirmed in the 
subsequent bioassays. The electrophoretic profile of the 
peaks isolated by these two elution modes showed that the 
TFA/H 2O/I-Prop system yielded peaks of higher purity, as 
judged by the number of bands in the electropherogram. Also, 
in the purification of RPCH by these two gradient systems, 
the latter yielded a more homogeneous preparation. 
Therefore, the TFA/H2O/I-Prop system was prefered for the 
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purification of H. americanus sinus gland peptides. It is of 
importance to note, however, that this system did not 
resolve the putative GIH precursor of 45000 daltons. Thus, 
depending on the purpose of the study (i.e. precursor 
isolation or peptide isolation) each of the methods has an 
advantage. 
In view of the number of different extraction 
methods used for isolation of neuropeptides and the 
possibility of oxidation artifacts (Keller and Kegel 1984) 
we decided to compare the established extraction procedures 
for sinus gland peptides. These experiments showed that only 
the extraction method according to Newcomb (1983) resulted 
in a different elution pattern: Peaks V, VI, VII, VII, and 
VIII were not present. All other extraction and HPLC 
procedure gave essentially the same chromatogram although 
differences in peak height, and hence efficiency of 
extraction, are obvious. It is of importance to note that 
the results of the HPLC procedure used is affected neither 
by chloride ions, pH, and oxidation (Fig 1 Α-F, Chapter III 
Part II), nor by the elution buffers used (c.f. Fig 7, 
Chapter II with Fig 4, Chapter III). From this it is 
concluded that manipulations do not play a dominant role in 
the qualitative aspect of the HPLC procedure used. 
Therefore, in our opinion, the detected products are not 
artefacts of extraction , but rather , they represent 
products intrinsic to the sinus gland. 
Rechromatography of the CHH and GIH bioactive zones 
under isocratic conditions results in a further purification 
of the bioactive material. Of the resulting preparations one 
peak, Peak V's (Fig 5 A), shows hyperglycemic bioactivity 
but no immunoreactivity. This discrepancy between biological 
and immunological activity was not encountered after 
separation by the preparative 5 ODS column (Chapter II, Part 
II), where all biological active fractions also displayed 
immunoreactivity. However, after gel electrophoresis of A. 
leptodactylus CHH perikaryon extract Kallen (1985) found a 
factor with very low mobility (Rf i 0.07) that exhibited 
hyperglycemic bioactivity but no anti-CHH immunoreactivity. 
The low electrophoretic mobility of this factor indicates a 
rather high molecular weight. It has been suggested that it 
could be putative prohormone of the only other CHH bioactive 
compound present (Mr 6500 daltons) with masked 
immunoreactive domains (Kallen 1985). This high molecular 
weight, hyperglycemic factor of A. leptodactylus is 
different from any of the hyperglycemic factors found in H. 
americanus. Van Wormhoudt et al. (1984), found three 
hyperglycemic factors in Palaemonetes serratus. These had a 
molecular weights of about 2000, 8000, and 20.000 daltons, 
respectively. Thus, the situation in A. leptodactylus and P· 
serratus is different from that in H. americanus, where four 
factors are present with about the same apparent molecular 
weight. 
From the results presented in Chapter II (Part II), 
and from the present results it is evident that the CHH 
bioactive material from H. americanus sinus gland extract 
represents different products, all having a molecular weight 
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of around 7000 daltons. This is in agreement with the 
studies of Newcomb (1983) and Newcomb et al. (1985) for 
Cardisoma carni f ex. Keller and Kegel (1984) and Martin et 
al. (1984) however, state that HPLC analysis reveals only 
one CHH bioactive compound in the sinus gland extract of 
Orconectes limosus, Eriocheir sinensis, Carcinus maenas, and 
Porcellio dilaLatus. From amino acid end group analysis it 
has been concluded that this product has a high degree of 
purity. It should be pointed out that Newcomb (1983) showed 
that the three CHH forms of C. carni fex have a very similar 
or even identical amino acid composition despite their 
differences in chromatographical behaviour. Thus it is 
possible that the CHH of 0. limosus, E. sinensis, C. maenas, 
and P. dilatatus has not been separated completely. This 
supposition is supported by the results of Kleinholz and 
Keller (1973). In this study two forms of Cancer magister 
CHH were detected, both with the same molecular weight. 
Also, following 7% PAGE analysis Keller (1977) found for 0. 
limosus at least two CHH active bands . After SDS-PAGE only 
one CHH bioactive band was present (Mr about 7000 daltons). 
Thus, while И. americanus may have an exceptional CHH system 
characterized by multiple forms of CHH bioactive material, 
there is no consensus in literature concerning the molecular 
forms of CHH active material. Additional data are needed to 
evaluate this subject. 
SDS-urea PAGE of Peak VII' shows only one band 
after silver staining. This indicates that the GIH bioactive 
product is pure after the second HPLC step. This offers the 
opportunity to determine the amino acid sequence, and, 
eventually, the synthesis of the peptide and fragments of 
it. It has recently been shown that GIH has a direct 
inhibitory action on the binding of vitellogenin to its 
receptor in the oocyte membrane (Jugan 1985; Jugan and Soyez 
1985). Availability of synthetic GIH will make possible a 
more detailed study of this phenomenon. 
Peak IX' and Peak X', the anti-CHH immunoreactive 
compounds, show only one band after SDS-urea PAGE. Since 
these two compounds exhibit only immunoreactivity and no 
bioactivity, their relation with CHH is not clear. The two 
CHH bioactive peaks show, in addition to the 7000 daltons 
band, a compound present in the 12.600 daltons zone. Gel 
permeation HPLC can possibly resolve these two peptides 
thereby rendering the putative CHH bioactive factor pure. 
The TFA/H p/1-Prop HPLC procedures described here 
make it possible to isolate and purify RPCH, GIH, and two 
forms of CHH-like peptides in a two step procedure involving 
a gradient elution followed by an isocratic elution. Two 
other forms of CHH will need additional steps before 
isolation to purity is attained. We expect that, with small 
changes in the percentage of 1-propanol in the solvent 
utilized in the isocratic procedure, this system will also 
be suitable for the purification of the MIH, MDH, and other 
low molecular weight peptides from the sinus gland of 
Homerus americanus (c.f. the results for RPCH in the 
isocratic elution mode). Thus, the way to structural 





The results presented here pertain to the 
peptidergic system in the optic and cerebral ganglia of 
decapod Crustacea. 
In Part I attention is paid to the morphology and 
ultrastructure of the nervous system of the crayfish Astacus 
leptodactylus (Nordmann 1842). In Chapter I the outlines of 
the micro-anatomy are described with help of 
reconstructions, based on serial paraffin sections. For both 
the optic and cerebral ganglia holotypes are constructed. 
The description of the spatial configuration of the 
neuroendocrine system of the eyestalk is improved. In the 
cerebral ganglia three hitherto unknown cell clusters are 
described. 
Immunocytochemical staining of the optic and 
cerebral ganglia with antisera raised against neuro- and 
gastrointestinal peptides from vertebrate and invertebrate 
origin results in the detection of an elaborate peptidergic 
system (Chapter II). The eyestalk contains at least 30 
different cell types. The morphology of this system suggests 
that part of these neurons has a neurohormonal function. For 
the remaining neurons a neurotransmissive or neuromodulatory 
function is probable. In contrast to the optic ganglia 
immunoreactivity in the cerebral ganglia is very limited. 
In Chapter III the ultrastructure of the optic 
ganglia is studied by means of serial sections. This 
procedure allows a detailed description of all ganglionic 
areas. In a number of regions neurons and axons showing all 
characteristics typical of neuroendocrine cells were found. 
These presumptive peptidergic cells, observed with electron 
microscopy, likely have a correspondence with the 
immunocytohchemically detected neurons. In the optic lamina 
hitherto unknown peptidergic secretory axon terminals were 
found. 
In Chapter IV a combined immunocytohchemical and 
ultrastruchtural study confirms that the peptidergic cells 
detected by the two procedures are identical. 
In Chapter V the relation between the peptidergic 
axon terminals in the lamina ganglionaris and the vascular 
system is studied by means of Indian ink perfusion. The 
perfusion results indicate a paracrine function for the axon 
terminals, although an endocrine function can not be 
excluded. The general organization of the vascular system is 
reminiscent of the portal system from the eminentia mediana 
in the vertebrate hypophysial system. 
In Part II, an attempt is made to isolate a 
number of neurohormones, originating in the neuroendocrine 
system of the eyestalk. The organ system chosen here is the 
sinus gland of Homerus americanus (Milne-Edwards). Firstly, 
bioassays, required for the monitoring of the various 
bioactive products during the isolation procedure had to be 
developed and characterized for the sinus gland of Homarus 
americanus. 
175 
In Chapter I five bioassays are described and 
evaluated. Two of these, the assays for the Moult Inhibiting 
Hormone (MIH) and for the Gonad Inhibiting Hormone, are 
newly developed. The remaining assays, the Red Pigment 
Concentrating Hormone (RPCH), the Melanophore Dispersing 
Hormone (MDH), and the Crustacean Hyperglycemic Hormone 
(CHH) tests, are based on procedures described by others. 
Sinus gland extracts of H. americanus appear to possess all 
bioactivities described. 
The simultaneous separation of the five bioactive 
factors by high performance liquid chromatography (HPLC) is 
described in Chapter II. All bioactivities are recovered. 
MIH and GIH are characterized as two distinct factors. Also, 
MDH and CHH are fully separated as two different products. 
Only one MDH bioactive zone is found. A number of different 
molecular forms for CHH are present. All factors have the 
same molecular weight of around 7000 daltons. GIH occurs in 
two molecular forms, about 45.000 daltons and 7000 daltons 
respectively. A precursor-product relation may exist between 
both forms. 
In Chapter III a two step HPLC purification 
procedure is described for two hyperglycemic factors and the 
7000 daltons gonad inhibiting factor. The isolated products 
are not only characterized by their biological activity but 
also by their immunoreacvity and the behaviour in SDS-
electrophoresis, bioactivity and immunoactivity. 
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SAMENVATTING. 
Een structureel en biochemisch onderzoek van 
het neuroendocriene stelsel van de optische ganglia 
bij decapode Crustacea. 
In het hier beschreven onderzoek wordt getracht 
een beeld te vormen van het stelsel van neuronen in de 
oogsteel van decapode Grustaceeen die een eiwit of peptide 
(klein eiwit) synthetiserende functie vervullen ( het 
peptiderge systeem). Het peptiderge systeem bestaat uit, in 
het algemeen gesproken, twee delen. Een deel wordt gevormd 
door neurohormonale, of neuroendocriene, cellen. De door 
deze cellen geproduceerde peptiden worden aan de bloedbaan 
afgegeven en zijn verantwoordelijk voor de regulering van 
het merendeel der primaire lichaamsfuncties. Het ander deel 
wordt gevormd door zenuwcellen, neuronen, die een 
prikkelgeleidende taak vervullen. In Deel I wordt zowel het 
regulerende neurohormonale als het prikkelgeleidende, 
neurale, bestanddeel van het peptiderge systeem uit de 
optische ganglia van de moeraskreeft Astacus leptodactylus 
beschreven. Deel II daarentegen, is geheel gewijd aan de 
beschrijving van de zuivering van een aantal neuroendocrine 
peptiden uit het orgaan waar de stapeling en de afgifte van 
de neurohormonen aan de bloedbaan plaatsvind, de sinusklier, 
van de amerikaanse zeekreeft Homarus americanus. De 
achtergronden van dit onderzoek en een samenvatting van de 
onderzoeksresultaten zullen kort worden weergegeven. 
Voor alle levende wezens is het een noodzaak 
prikkels uit de omgeving, het "milieu externe", te kunnen 
waarnemen en er vervolgens adequaat op te kunnen reageren. 
Deze reactie kan van korte of langere duur zijn al naar 
gelang hetgeen vereist is. Al deze reacties dienen op elkaar 
te worden afgestemd, op een zodanige wijze dat het "milieu 
interne" constant wordt gehouden bij de veranderende 
uitwendige omstandigheden. Dit laatste nu vergt een 
gecoördineerde regulatie van diverse lichaamsprocessen. 
Naast dit aspekt van regulatie, waarin de aanpassing aan de 
omgeving sterk op de voorgrond treedt, is de regulatie van 
een aantal fundamentele, fysiologische processen 
noodzakelijk om het organisme als een harmonisch 
functionerende eenheid te handhaven (energiehuishouding, 
groei, voortplanting). 
Het instandhouden van een evenwichtstoestand 
vereist, naast regulatie, communicatie. In nagenoeg alle 
meercellige dieren (Metazoa) zijn er traditioneel twee 
systemen bekend die bij de interne communicatie betrokken 
zijn: het zenuwstelsel en het endokriene stelsel. Het 
zenuwstelsel is bij uitstek geschikt voor snelle informatie 
overdracht en het coördineren van kortdurende processen. 
De overdracht van informatie tussen perceptieorganen, 
neuronen en doelwitorganen vindt plaats in gespecialiseerde 
cel-cel contacten: de Synapsen. De chemische boodschappers 
die hierbij een rol spelen zijn stoffen met een laag 
molecuulgewicht zoals acetylcholine, bioaminen en 
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aminozuren. Het endocrine systeem beïnvloedt de onder haar 
controle staande processen op middellange en lange 
termijn. De informatiedragers die hier een rol spelen, de 
hormonen, zijn Steroiden, peptiden en proteïnen maar ook 
enkele verbindingen met een laag molecuulgewicht. Het meest 
op de voorgrond tredende verschil tussen de twee regulatie 
mechanismen is echter dat het zenuwstelsel direkt kontakt 
maakt met het doelwitorgaan en dat de endocrine klieren hun 
produkt afgeven aan de lichaamsvloeistof die voor transport 
naar het doelwitorgaan zorgdraagt. 
Deze vrij strikt gedachte tweedeling in de 
regulatiesystemen is aan het begin van deze eeuw doorbroken 
door de ontdekking van zenuwcellen die peptiden of eiwitten 
synthetiseren en aan het bloed afgeven. Deze neuronen geven 
er daarmee blijk van zowel een endocrien als een neuraal 
karakter te bezitten: het neuroendocrine systeem. 
Neuroendocrine systemen komen door nagenoeg het hele 
dierenrijk voor. Vooral bij de Ongewervelden (Evertebrata), 
die geen of een beperkt endocrien systeem bezitten, de 
belangrijkste rol te vervullen in de hormonale regulatie. 
De hormonen die uit neuroendocrine cellen zijn 
geïsoleerd werden tot voor kort geacht min of meer 
specifiek te zijn voor de betrokken diergroepen. Uit 
onderzoeksresultaten van de afgelopen tien jaar echter 
blijkt dat neuropeptiden veel algemener voorkomen dan werd 
aangenomen. Zo zijn er sterke aanwijzingen, en in sommige 
gevallen ook bewijzen, dat neuropeptiden, bekend uit 
Vertebrata, ook in Evertebrata voorkomen. Ook het 
omgekeerde, peptide hormonen van Evertebrata voorkomend in 
Vertebrata, is bekend. Men heeft niet allen kunnen 
vaststellen dat een bepaald neuropeptide bij meerdere 
diergroepen voorkomt, maar ook dat hetzelfde neuropeptide op 
diverse plaatsen in het zenuwstelsel van een organisme 
aanwezig kan zijn. Recent onderzoek leidt tot de conclusie 
dat een neuropeptide niet alleen als neurohormoon kan 
fungeren maar ook, afhankelijk van de plaats waar het 
vrijkomt, als neurotransmitter. Ook blijken neuropeptiden de 
effecten van de klassieke neurotransmitters te kunnen 
modificeren. Deze twee aspecten van het functioneren van 
neuropeptiden, neurotransmissie en neuromodulatie, hebben 
verstrekkende gevolgen met betrekking tot het begrip van het 
functioneren van het centrale zenuwstelsel. 
Uit de structuur van neuronen en uit de wijze 
waarop de neuronen met elkaar in contact staan kan veelal 
worden afgeleid of de neuropeptiden die in de betrokken 
cellen worden gevormd een neurotransmissive dan wel 
neuromodulerende functie hebben. In Deel I, in de 
beschrijving van de structuur en ultrastructuur van het 
centrale zenuwstelsel, en in het bijzonder de optische 
ganglia, van Astacus leptodactylus (Nordmann 1842) komen een 
aantal van deze structurele kenmerken aan de orde. Hierbij 
is vooral aandacht besteed aan het al dan niet voorkomen van 
peptiderge neuronen en hun relatie met andere zenuwcellen, 
voorzover die kunnen worden vastgesteld met de gebruikte 
technieken. 
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In Hoofdstuk I wordt de morfologie van de 
cerebrale, of supraoesophageale, ganglia en die van de 
optische ganglia van de moeraskreeft /Istacus leptodactylus 
(Nordmann 1842) beschreven met behulp van rekonstrukties van 
deze organen op basis van lichtmikroskopische preparaten. 
Deze rekonstrukties resulteren in een holotype voor beide 
ganglionstelsels. Hiermee wordt het inzicht in de 
ruimtelijke configuratie van het neuroendocrine systeem in 
de optische ganglia vergroot. Dit is met name voor het 
diffuse medulla externa X orgaan het geval. In de cerebrale 
ganglia worden, naast de al bekende neurongroepen, drie nog 
onbekende celclusters beschreven. 
Met deze algemene beschrijving als basis is in 
Hoofdstuk II met behulp van immunocytochemische technieken 
een inventarisatie gemaakt van het peptiderge systeem in 
deze ganglia. Als primair antiserum zijn 15 anti-sera 
gebruikt die zijn opgewekt tegen neuro- en 
gastrointestinale peptiden van vertebraten en evertebraten. 
Positieve reacties werden verkregen met anti-FMRFamide, anti-
oMSH, anti-vasotocine, anti-gastrine, anti-CCK, anti-
oxytocine, anti-glucagon en anti-GIP. In de optische ganglia 
kunnen met behulp van deze antisera en op basis van de 
localisatie van de positieve cellen omstreeks 30 
verschillende celtypen worden onderscheiden. Slechts een 
deel daarvan hoort tot de van oudsher bekende neurohormonale 
celgebieden. Deze waarnemingen tonen aan dat het peptiderge 
systeem in de oogsteel veel uitgebreider is dan tot nu toe 
werd aangenomen. De morfologie van dit systeem wijst erop 
dat een deel ervan een neurohormonale functie kan hebben. 
Het andere deel vervult naar alle waarschijnlijkheid een 
neurotransmissieve en/of neuromodulatorische functie. In 
tegenstelling tot de resultaten behaald in de oogsteel, zijn 
de positieve reacties in de cerebrale ganglia zeer beperkt 
en geven zij weinig informatie over een mogelijk voorkomen 
van een peptiderg systeem in de cerebrale ganglia. 
In Hoofdstuk III van Deel I zijn de resultaten 
beschreven van een studie naar de ultrastructuur van de 
optische ganglia met behulp van seriële coupes. Deze 
werkwijze maakt een gedetailleerde beschrijving mogelijk van 
alle optische ganglia en de hiermee geassocieerde 
neurongebieden. De directe aanleiding voor deze studie vormt 
de aanwezigheid van de positief reagerende ganglion en 
neurongebieden beschreven in Hoofdstuk II. Deze zijn 
grotendeels gelegen in die gebieden van de optische ganglia 
waarvan de ultrastructuur niet of nauwelijks bekend is. In 
de lamina ganglionaris, het optisch chiasma I, het optisch 
chiasma II, de neuronen van medulla externa en medulla 
interna wijzen de verkregen ultrastructurele gegevens op een 
wijd verbreid peptiderge systeem. In de lamina ganglionaris 
is een tot nu toe niet bekend, peptiderg secretorisch gebied 
aangetroffen. Zowel in optisch chiasma I, het optisch 
chiasma II als tussen de neuronen behorend tot de medulla 
externa en medulla interna zijn cellen aangetroffen die alle 
kenmerken van neuroendokriene cellen vertonen. In de 
axonmassa van alle vier de optische ganglia zijn granula 
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bevattende axonen en axon-eindigingen gevonden. De 
ultrastructurele configuratie van een aantal van deze 
elementen wijst op peptiderge transmissie en neuromodulatie. 
Het zijn met name deze neuronelementen die waarschijnlijk 
verantwoordelijk zijn voor de waargenomen 
immunoreactiviteit. 
In Hoofdstuk IV wordt de in Hoofdstuk III 
veronderstelde relatie tussen immunopositieve neuronen en 
geobserveerde ultrastructuur voor een beperkt aantal 
antisera onderzocht (anti-FMRFamide, anti-aMSH en anti-CCK) 
met behulp van seriële semidunne en ultradunne coupes. 
Alle drie de sera vertonen een beperktere reactie dan is 
beschreven in Hoofdstuk II (Deel I). De neuronen die 
positief reageren met anti-FMRFamide en met anti-CCK 
vertonen ultrastructureel een beeld dat karakteristiek is 
voor een peptiderg neuron. Anti-*MSH is uitsluitend positief 
in de sinusklier. Op basis van deze resultaten wordt een 
directe correlatie veronderstelt aanwezig te zijn tussen de 
immunocytochemisch als peptiderg gekarakteriseerde neuronen 
en de neuronen die naar aanleiding van hun ultrastructuur 
als peptiderg worden beschouwd. 
In Hoofdstuk V worden de mogelijke functies van 
het peptiderge, secretorische gebied in de lamina 
ganglionaris onderzocht. De relatie tussen dit gebied en het 
bloedvatstelsel kan daarbij belangrijke informatie geven en 
dit is de reden dat het bloedvatstelsel door middel van 
perfusie met Oostindische inkt zichtbaar is gemaakt. De 
resultaten wijzen op een paracrine functie voor dit gebied 
hoewel een neuroendocrine functie niet mag worden 
uitgesloten. Het bloedvatstelsel blijkt, verrassenderwijs, 
een verloop te hebben dat grote overeenkomst vertoont met 
het portaal systeem in de eminentia mediana van het 
hypohysaire stelsel van vertebraten. 
Deel II van dit proefschrift behandelt een aantal 
neuroendocrine functies van de sinusklier van Homarus 
americanus (Milne Edwards). 
In Hoofdstuk I worden vijf biologische testen 
beschreven en getoetst op hun bruikbaarheid: de vervellings 
inhiberend hormoon test (moult inhibiting hormone MIH), de 
rood pigment concentrerend hormoon test (red pigment 
concentrating hormone RPCH), de melanophoren dispergerend 
hormoon test (melanophore dipersing hormone MDH), de 
crustaceeen hyperglycemisch hormoon test (crustacean 
hyperglycemisch hormone CHH) en de gonaden inhiberend 
hormoon test (gonad inhibiting hormonee GIH). Twee van de 
testen (MIH en GIH) zijn nieuw ontwikkeld, de resterenden 
zijn aanpassingen van beschreven procedures. Alle 
bovengenoemde bioactiviteiten blijken aanwezig te zijn in 
sinusklier extract en detecteerbaar met de beschreven 
biotoetsen. 
In Hoofdstuk II (Deel II) wordt de scheiding van 
de vijf bioactieve componenten met behulp van hoge druk 
vloeistof chromatografie (high performance liquid 
chromatography, HPLC) beschreven. De producten worden 
gekarakteriseerd door de bepaling van hun bioactiviteit, hun 
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immunoreactiviteit en hun gedrag in dunne laag 
chromatografie en SDS-gel electroforese. MIH en GIH blijken 
twee verschillende factoren te zijn. Ook het MDH en CHH 
kunnen van elkaar gescheiden worden. Er is slechts een 
bioactieve MDH component aanwezig. De CHH bioactieve factor 
komt in tenminste vier verschillende moleculaire vormen 
voor. De GIH bioactiviteit is gelocaliseerd in twee 
moleculaire vormen: een 45000 dalton peptide en een 7000 
dalton peptide. Een hormoon-precursor relatie lijkt 
waarschijnlijk tussen beide peptiden. 
In Hoofdstuk III van Deel II is een tweestaps 
zuiveringsprocedure beschreven voor twee hyperglycemische 
factoren en de 7000 dalton GIH actieve factor. De ge-
ïsoleerde producten zijn gekarakteriseerd met behulp SDS-
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embryo zich van de omhullende membranen ontdoet, de term "delayed hatching" 
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